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The purpose of the etp\idy was to explote how 3 small group
of grade f.our' children made or "constructed" meaning during a

»sci_ence unit on Sound. ,Another purpose was to describe the
experience of usi-ng collaborative research methods and to explore.
how phese methqu might allow for additional 1nsight into the
’c exiﬂy of learning and teaching science. The methodological
framework spesi}?ically 1_nv‘olved recordmg,classroom science
, leseons, interviewing study pa‘rtiéipants,. eharing and, discussing
data with the teacher, and vfr-iting a daily J:ournal.

Collaborative methods allowed ¥he teacher to share in the
research expe:,rience, to gain insight into her'students' thinking,
v~~-»at.ofrevea17-~hgr"~eatperfence"of 'presenting‘ science, and to examine
:her presenta_tion of Sound. Collaboratiye methods, however,

required a substantial time commitment, flexibility from the
parti'cipants, and partitular attention to reciprocity.

The chlldrén brought their own v1ewp01nts, ab111t1es,
creatlvity, and prlor knowledge to the Sound unit. During the _
‘Sound unit, each chiid mterpreted the teacher's science in a

. ¢
. unique way and gavef/personal meaning to each aspect of the

presentation ’I’hese 1nterpretat1ons and meanlngs were, in part,

set agalnst the framework of the Generative Learning Model

'(wlttrock, 1977, 1981, 1985), and were further interwoven with
Schutz's (1971) pheriomenologlcal description of a stranger who

approaches and tries to understand and adopt a new culture.

A . .
The view of constructing meaning which arose from this discussion

-~

- ‘ ' iv



: : J |
*emphasized that the meanings the children constructed were’@he-

~ outcome of a personal dialogue with themselves, and a public
[}

. conversation with other participanﬁs, both of which occurred as
. * L ‘ ) . . .
the children were immersed in the situational factors of the -

classroom.

x
'

The study offered implications for the Geénerative Learning
Model, alternative framework research, the presentation of sciepce,

and pre-service teacher education. The study concluded with
. a :

‘recommendations for furtHer»research rélated to how children

' . . -
construct meaning during school science.

» ¢
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Cﬁapter One

«
-~

Introduction o
: _ Yo
Children entering school classrooms already command an
impressive capaeity to learn and élready possesé e#planations
fo:Mphenomenabin the world which\to them, are sensible, relevant,
and‘ceherent. 'Recognition of children's abiliéy fo learn about and
to e*plain their WOhld.prAOr to commencing formal education can
cause us to wonder‘about<how their learning, and their expaaeations,
might be modified,.; be ehanged, or reﬁain uninfluenced b& tﬁé%&I
, ) , _ . Ty
- classroom situation. - O o o : ';‘%;:’ew;%
An experience connected to these questions about how formal
~ education méy influenee chiidren;s'learning énd‘ideas occurred
_during my masterfs thesis research. Duripg this research, I spo@e
with a smail group of eleﬁentafy school girls about their experiences
. _ o
of being involved in the hands-on activity'portioﬁ of their'sc{Ence
program. One of the‘iseues which e;ose from these eonversations was
their view of how they learned in science claesi.‘Tﬁe.girls drev a
Clear link between personal participation and access to science
materials, and-learﬁihg and understanding; However, when I questioned
the girls Hndividuaily'about their.understanding of,;he'ceﬁtent of
.the science lessens, they were fof the most part unable to give
'correct"explanations ebouﬁywhich they felt confiéent'and ce;tain
even though ﬁhey received high marks in science;' The girls' comments -

. »made me wonder about what these girls meant by learning and

understanding, and about the nature and content of the explanations

' .



‘which children might possess at the conclosion of a sciegce unit.

Another experience which added to my questions about“formal
science 1earning wsg,my observation of the difficulties some of my
ondergraduate students had during theic labyperiods. ' They struggled
© with 1deas and act1v1t1es usually 1ntrodu ed in elementary classrooms,
and I was unsure whether they understood oreven belleved the
exolsnatlons which we discussed at the end of the class. Clearly,
the‘process'of learning yas/fracgﬁt~with difficulties, and I wondered
if.theif'past exposures to formal science, and their everyday
experiences with science phenomena,'had combined to produce personal
explanatlons for the science Wthh my lab periods stpod little chance
of changlng or modifying.

Observatlons of children and adults in formalyclessroom e
A/situations also\drew etteﬁtion to the classroom presentation of
science. In my master‘s thesis research, the g1rls 1dv t1f1ed ﬂheir
-teacher as being a domlnant 1nfluence on the1r learning, and as the
study p;ogressed the restr;ctlons assoc1ated with the school structure;
which this teacher felt emerged through conversations with him. Tt
became obvious that children's explanatioos of classroom science did
not stand in isolation, but in relation to the structure of the school
and the society of which it‘is a'psrt. I wondered if the girls'
comments about learning and understanding, and their exp;anations
for science concepts, could further be illuminated by attending to
the interactions between the students; the teacher,‘and factors -
associated with the school. Certainly a methodology which was

sympathetic to the teacher's role in the classroom and yet still

included the children would be needed to inform our understanding

»
.



+of these relationships,
, Therefore,'touhegin wlth, this study is concerned with haow
and what elementary children learn and understand during 3chool
~ science. - What do children mean by "learn" and "understand", or’do
they even perceive a difference between these terms? What ideas
do children already possess:about a topic'prior to the commencement
"of a sclence unit? Do'children-really change their prior ideas
”about'a topic;as a result of science'teaching? ‘How much more is
: invblved inflearning science than the manioulation of c%ﬁfrete'
objects? Do children learn through a purely cognitive orocess of
1nduct10n or do’ such 1deas as caring about the topic and bellev1ng
in the explanatlon play a role’ At the conc1u51on of the science
unit, what understandlngs do the children take away with then? It
seems . that any one of these questions could lead towards implications
" for how we approach science 1n.our classrooms
" To focus the study on‘t;B chlldren, however, and to a large extent
| exclude the . teacher would deny the reality of the classroom 51tuat10n
The teacher could well be a key to how the chlldren learn, the teacher
also has knowledge and 1n51ght about his or her students which could
form an essentlal component of the gatherlng and analysis of data.
A collahoration‘with the teacher and, to a lesser extent, the
‘ students, vould represent a relatively'new aporoach to science
educationrresearch Consequently, a second focus of thlS study is_the
research methodology Through sharlng data with the teacher and
1nvolving the teacher in dlscu551ons.about the study, I will attempt

to reveal how botl the students and the teacher perceive classroom

learning in»school science. . Some questions which might emerge



© during the Study include: What difficultieg does the teacher

recognize as being related to teaching and learning science? How
does the teacher know the children have learned the science? What
implications for the Classpoom presentation of science might arise

from the chlldren s comments and explanations? By considering

‘some of théée questlons, the interaction between the students, the

teacher, and classroom science will be studied in a way which is

)

situational, collaborative, and pa§t1c1patory.

A. Study Questions

The initial questions that will be explored can be asked in a
variety of ways, and will take on facets of‘the following questions‘
as tﬁe study progresses:

1. How do children make or "cOnstfuct" meaning in o

elementary schpol sciénce?

2., What is the experience of collaborative reéearqh methods,

and how do these methods stand to influence the study, the
- participants, and our understanding of c1as§room's¢ignce?

B. Study Purpose ‘ o

B3

One‘gurpose of;ﬁh's study is to explore how and what a small
group of.children leagiﬁﬁn elementafy school écience. Another
purpose is to share in the éxperience of collaborating with a
teacher, aﬁd consider how collaborativé methods might alldW for
additional insights into the complexity of 1earniﬂg and teaching
science. My hope is that this understanding will provide us with
aﬂsomewhat fuller sense of hgw children and teachers Viewithe

Classroom experience and live.within it. _

Literature which is related to these issues of children's
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learning and collaborative research methods.is presented in the

follewing chapter.



Chapter Two

Review of Relevant Literature

L)

A. Literature Related to Children's Learning

J

to information but rather they "actively manipulate or process it"
(Peterson,.& Swing, 1982, p. 482). This active manipulation of

information results in knowledge being "produced by transactions

between a person and the environment" (Pope, & Gilbert,_1983a: p. 194).

‘__\\;?herefore, children try to understand new phenomena, by relating it to

\ ideas and explanations glready present within their minds, and this
active view of learning suggests thaﬁ not only is learning and
understanding very complex, itwiﬁmalso very personal and unique.

A view of children as béihg acéive constructors of their own
knowledge is a position fredagntly pgésented in recent literature.
A variety of educators and psféﬁéidgists such as Vygotsky, Deyey,
Piaget, Ausubel, Kelly,‘and Donaldson have expressed this Viey, anda
a féw écience educators such as Driver and Pope have further made '
use of the ideas of philosophers such as Popper, Kuhn, and

Feyerabend to support how science has been actively constructed by

the human imagination. .

This active, personal view of children and learning seemé
hardl} surprising. If anything, we should be wondering how any other

view could Bé seriously considered. Claxton (1986) argues that the

human construction of knowledge is "obviously, even trivially true;
- v . !
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[and] that it is only in the context of an educational practice Y
which rests on tﬁe stunningly naive"empty-headed' alternative, L
that we need reminding of such simple truths" (p. 126).‘_Neverthe&ess,"
it is important to diseuss this 'empty-headed' or authoritarian view
;f children and learning because it clarifies the‘eeegmptibns
;underlyiné classroom practice, assumptions thqb(sti;l_inflpence:
school science. 'The pervasivenese,of this authoriﬁarién view may
account. for a constructivist view of learning being considered a v
.

relatively recent approach to understanQing children's leafning.

The authoritarian view of children and learning is associated
with the beliefs ﬁhich underlie the realist world viéw. An
examination of these beliefs can begin to iilumineée kow this view

contrasts with the constructivist view.

1. Authoritarian Views of Science and Learning

Pope and Gilbert (1983i) have discussed polaf positions
concerning ideas of the nature of knowledge; the realist and the
constructivist. These two views contain contrasting assumptions

~about the nature of knowledge,. our relatlonshlp to the world, and
the nature of reality. "In the realist's view, reality is a stable
arrangement of subdivisions of objective factg" (p; 249). This
suggests that "the“world exists in an aﬁéolute sense such that
absolutely true discoveries [can] be made by suitable trained
A}observers" (Gilbert, & Watts, 1983, p. 62). (Reallty is somethlng
which is out there and it can be objectively observed by..any number.
-of people with precision and unanimity? Therefore, knowledge is
considered to be "independent of the subjectiQe constructions of the

learner" (Pope, & Gilbert, 1983a, p. 194).‘ We sihply observe; and

t



our act of observation and what we personallf bring to that activity
does not influence the outcome. It is this realist view and its
implied absolutism which is identified with authoritarian views of

knowledge and science.

Authoritarian views of knowledge underlie some approaches to
~ teaching in schools. Pope (1982) claims that authoritarian views?of
knowledge have dominated,WEstern education and she argues that this
has resulted in a Cultural transmission approach to teaching.
Teachers of tHis persuasion would therefore see the primary
task of the educator as the transmission of information,
rules, or values which form the 'truths' of one's cultural
heritage. In the extreme, the teachers' philosophical
approach is that absolute truth can be accumulated bit by bit,
subject by subject; their epistemological position is that of
the naive realist who views 'true knowledge' as knowledge
that corresponds to the world as it is and is, therefore,
~ independent of the subjective constructions of the learner.
- Traditional teaching methods based upon the cultural
transmission approach emphasize the students' role as the
-passive receiver rather than the active participant. (Pope,
1982, p. 6)
Other approaches to teaching which are based on authoritarian views
of knowledge have been called the tabula rasa and teacher dominance
' -
approaches (Gilbert, Osbarne, & Fensham, 1982). These approaches
are similar to what Pope (1982) calls the cultural transmission
approach, énd the teacher dominance approach is based on the
assumption that children bring little knowledge and few beliefs to
the classroom. Therefore, the teacher's task is to fill the
children with ideas and facts, and the children's prior ideas about
the topic "can be directly and easily replaced" (Gilbert, Osborne, &
Fensham, 1982, p. 623).
In summary, all of these approaches to teaching emphasize the

student's role as a passive receiver of information; and they assume



‘ 9
absolute knowledge and the e*istence of a reality that is independent
of our‘subjective constructions.

This reali§§ view of the nature of knowledge which underlies
the authoritarian approach to. teaching is also identified with the
'iraditipnal epistemology found in the positivist, empiricist/
inductiviSt conception of science (Pope, 1982). Positivists strive
for a unifLed view of the world through the‘application of a method
‘described by Francis Bacon during the seventeenth century, a method
which is based on the objective observation of facts and inductive
generalizatioﬁs (De Ruggiero, 1938). In this view, science is value

rd
free, empirical, and not influenced by the theoretical frameworks of

the observer. ,

i
This empiricist/inductivist view can be found in current

approaches ﬁo teaching science in schools (Cawthron, & Rowell,

1978; West, 1981). Some teachers and educators tend to see school
science as the transmission of factual knowledge to studends.

Cawthron and Rowell (1978) maintain that "a scrutiny of school science
texts invariably reveals an imblicit’epistemological preoccupation
with the existence of objeétive reality and with compigible or
eqﬁivalent representations of it" (p. 32). In fextbooks, "the
'scientist' of sch601 science is revealed as a depersonalized

and idealized sééker after truth, painstakingly pushing b;ck the

~ curtains which‘obscure objective reality, and abstfacting order

from thg flux, an ofder which is directly revealable to him [of her]
through a distinctive 'scientific method'" (Cawthron, & Rowell,
1978, p. 32). Consequently, we should not be surprised that science

graduates and the general public who during their education were



exposed to this empiricist/inductivist view of science, continue
to believe that this view truly represents.the nature of science.
School textbooks encourage this empiricist*inductivi;trview and
students accept it.

The realist view of knowledge still continuas to 1nf1uenqe the
education system's view of children and science. Tbachers may spend’
classroom time in expository teaching to children who they assume
" are there to be filled with knowledge. Aéﬁitionally, science is

commonly seen as an objective enterprise where a verifiable,

dependable truth is revealed through the use of a method which

10

excludes the observer (Munby, 1976). However, new perspectives in the

epistemology of science seem to be in accord with a constructivist
view of knowledge which maintains that we are actively and personally
involved in the construction of our ‘knowledge., Withinvihis view,
science is seen as provisional in nathre and the product of the
beliefs Snd framewofks of the individual.

2. _New Perspectives in the Epistemology of Science

Current philosophers of science such as Popper (1963),

Kuhn (1970), and Feyerabend (1975) argue that observation is
theory-laden, and that theory building ié a2 evolutionary process.
They also challenge the idea of there being a scientific method
(Gilbert, & Watts, 1983).

bépper (1963) suggests that what we shouldfdo is to "give up
the idea of ultimate sources of knowledge, and admit that all
knowledge is human; that it is mixed with our errors, our prejudices,
our dreams, and our hopes" (p. 30). Feyerabend (1975) believes

theories are not out there waiting to be disdovered, but are created
) N
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by people. Jlnstead of presentlng sclence as a set of absolute facts |
it should be exposed for .the hlstorlcal‘ personal phenomenoﬂglt really
éggls (Pope,” 1982) . ‘Driver (1981) notethhat Popper and Feyerabend
. both admit- "hypotheses or theorles are not related . with the
: so—called 'obJectlve' data but ;.. ; they are constructiOns,-productss
of the human imagination".(p 95)'- The theoretical framework,'beliefs,‘
'fand prlor knowlédge of the observer 1ngluence the act of observat1on, |
7:render1ng 1t a more subJectlve, human exper1enceA : ," Sl f' |
Kuhn (1970) sees normal sc1ent1sts ‘as people whose "research
.is based on shared parad1gms [and] are c 1ttedAto the same rules
;_and standards for sc1ent1f1c practice™ ((ifm ).,.TherefOre, what the
sc1entlstsobserves ‘is not s1mply determlned’by’sensory stimuli but by
"how the human agent views [the] world" (Cawthron, & Rowell, 1978,
b.-qs). Donnelly (1979) sees a 11nk between Popper and* Kuhn because

they both agree that "all facts are theory—laden All tj

'1nvestlgat1ons proceed in the 11ght of theory" (p. 498) . Clearly,
" o
Popper, Kuhn, and Feyerabend‘be11eve that observatlon is not some
AR

RS

6bJectyve enterprlse but lnstead is related to the bellefs of the '
person maklng the observatlon

Feyerabend s (1975) bellef in a relat1v1st1c v1ew of science
has led him to argue that we should déV1se teachlng strategles
'Wthh encourage chlldren to be confident in hav1ng a number of -
ﬂv1ewpo1nts and to questlon what is accepted Chlldren should not be

Alndoctrlnated W1th the v1ew that sc1ence 1s stable, 1ndependent of

- the learner, and absolute. "What we need here 1s an educatlon that

o . [
SA -

" makes’ people contrary, counter—suggestlve w1thout mak1ng them

J'

1ncapable of devot1ng themselves to the elaboratlon of any single .

s
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view"’(Feyerabend, 1975,‘p} 164).‘ Students must see’ 2arning as a
personal exploration which ené%ﬁ%ages them to theorize and elaborate
their own personal constructs (Pop;, 1982).

. Another. aspect of these new science philosophies is the ,
evolutionary nature of sc1ent1f1e theorles§ Popper (1963) st-,rtes _
that "knowledge cannot start from nothing . . . The advance of
knowledge cons1sts, mainly, ‘in the modf%icatlon of earlier knowledge"
~(p. 28). For Popper, thlS modification is the . result of a process of
problem solv1ng and 1f theorles and hypotheses are found to be wanting,‘

they may be replaced by new theories. "At any glven tlme knowledge is

" Mprovisionaliand forever'open'to posSible‘refutatlon" [awe on, &

Rowell, 1978, p.'34),~and falsifiability is the main ct.ardeceristic

of a scientific hypothesis (Smith, 1982).

Kuhn (1970) views scientific change aS‘parad%gms separated by

‘revolutions instead of accﬁmulation of facts through some incremental

process. Kuhn (1970) believes that scientific revolutions necessitate

the rejection of a longstang;ngvscientific theory in favor of another

incompatible with it. This may produce a whole'newtset of problems

.and‘involve the\scientific community in the determination of what

should be considered an "admissible problem or [a] legitimate

_problem-solution" (p. 6). If this is the case, “soc1o—p$ycholog1cal

factors are no longer at the periphery of the scientific process,
but are at its very core" (Cawthron, 5 Rowell, 1975, p. 40).

‘Popper, Kuhn, and Feyerabend contend that sc1ent1f1c knowledge
‘is relativistic in nature, 1nf1uenced by the’ theoret1cal framework

of the observer, and subJect to continual change and rev151on These

‘ beliefs resemble the assumptions found in the construct1v1st view
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of learning and are in contraststo thetrealist viey'linhed with
traditional ideas about. sc1ence and learnlng Associated with the
constructlvist view of learning is George Kelly (1955) who "pointed
out that all theorles are [derlved from) hypotheses created by people
and that, although they may f1t the known facts at. any partlcular
time, they may eventually be found wanting and eventually be
‘replaced by a 'better theory'; (Pope, 1982, p;_6). This statement
echoes‘the ideas of Popper, Kuhn; and Feyerabend; In the next '

section, I'will explore the constructivist view of learning mores-

-

fully. N

3. Constructivist View of Learning =~ .

.,

George Kelly (1955), a cognitive psychologlst, developed
‘a- theory of persona11ty for which he c01ned the term constructlve
alternat1v1sm' Although Kelly s main concern was therapeutlc
practlce and the generation of a theory of personallty, some of h1s
basic. assumptlons about human behavior seem "potentlally appllcable .
to many teaching and learning issues" (Pope, 1982, p. 4). Vygotsky,
Piaget, Bruner, Ausubel, and Donaldson also‘haye cognitive_t]'pries» ,
whichvseem} in part, to be in philosophical agreement with Keily;s i
‘assumptions... M | .

Kelly's main ideayisvthat'each person constructs.a unique
- interpretation of the WDrld} consequently, "persons differ from each
other in their constructlon of events" (Kelly, 1955, p. 55). This
‘constructlon is a process in whlch we actlvely reach outto understand
the world,yand Kelly (1955) maintains a person ‘ncreates [h1s or her]
- own way of seeing the world in‘:hich_[he or she] lives;‘the world‘
vdnes not create [his or her] view for [him or her]" (p. 12). This,

fan



active construction of events enables people to erect a

representational model of the world which is then used to guide

~ behavior. HOwever, these models are nelther rigid nor absolute but
¥

~me are subJect to "rev151on or replacement" (Kelly, 1955,

Perhaps this suggests that ve should consider whether our
<

constructions of. knowledge should be more accurately called

‘reconstruct1ons of knowledge (Berry, 1982)

Kelly s. 1deas are cons1stent w1th the v1ews proposed by Popper,
Kuhn, and Feyerabend.f.it seems they all recognize the unlqueness ¢
of the 1nd1v1dua1 the relatﬂvistic, human nature of knowledge, the
active stance we have towards ihe world andithe tentativeness of
~our interpretations. Other educators-and psyghologists have
recognizedﬂthe'value'of viewing’knowledge and peoble in this way and
have attempted to apply these ideas to children and how they learn.

Vygotsky (1978) believes people actively part1c1pate in the1r
own ex1stence¢ Thus, Vygotsky describes development and human ,
activity as a dialectical process involving an intertwining' éf
external"(cultural) and internal (biological) factors. He calls
this relationship between the biological basis of behavior and the -
soc1a1 conditions in and throught which actlons take place a
"functlonal learn1ng system." Funcghgnal learning systems are
.-unlque ‘to the individual and these systems are subJect to’
evolutionary and revolutionary change. This may imply that ehildren
_are influenced by their unique prior experienees, may have a number
of interpretations for a'single event, and may demonstrate various
degrees of willingness to modlfy their beliefs.

Plaget and Bruner also v1ew children as act1ve agents in

I

5
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: constructing their own reélity andboontend that children understand

the world to the extent.that they are willing to act upon and make
,sense of the world (Bruner, 1960; Cawthron, & Rowell, 1978; Driver,

1981; Driver, & Easley, 1978; Duckworth, 1964; Osborne, & wittrock,

1985; Pope, ‘& Gilbert, 1983b). Donaldson (1978) states that our

relation to the world "is active on our part from the beginning.
’ : . : g*”:;
We do not just sit and wait for the world to impinge onm us. We try S
- ‘ o . v

) actively to interpret it, to make sense of it, we represent it to

'\oursel'ves" (p. 67). Popper (1963) also asserts that "without
. waiting, passiveiy; for repetitions to impress or impose
reqgularities upoﬁ us, we actively try to impodse regularities upon
the world. We try to discover similarities in it, and to interpret
it in terms of laws inoentedAby us" (p. 46). Clearlf, thisbactive
stance imolies that learning is not a passive enterprise but rakher
one in whlch children actively try to make sense of what they percelve

Several researchers have also explored the role prior knowledge
'plays in our cogstruotlon of the'world. »Ausubel's 1earn1ng_theory, c
plays a prominent role in this area by‘attempting to explain "the
part played by prior knowledge 1n organ1z1ng new 1earn1ng and bu11d1ng
it’ into the cogn1t1ve structure of the learner" (WEst, & Fensham,

R

‘ 1974, p. 79). Ausubel believes that the learning 31tuat10n itself
comblned with our own ex1st1ng personal knowledge can 1nf1uence our
‘learning. Piaget alse agrees that children already possess many.ideas.
about things and this'stends to influenced how'they make sense of
their sehool experiences (Cawthron, & Rowell, 1978; Driver, 1981;

. [ 4
Osborne, & Wittrock, 1985; Piaget, 1972). Donaldson (1978) comments

that children's interpretation of an event is influenced by their 5§’gﬂ

-
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"knowledge of the language, [theinq assessment of what we intend .
(as 1nd1cated by our nonlingulstlc behavior), and the manner in
-which [they] would represent the phys1ca;‘51tuation.to
'fthemselves] if we were not there at all" (p. 68). This suggests
that learning outcomes»dEpend on the environment, the learner,
and the learner's prior knowledge When ‘combined with the Learner's
active stance, the result 1s a relat1v1st1c, human view of
knowledge ‘that is subJect to rev151on and reconstruction

In summary, some educators, some psycholog1sts, and some science
philosophers view our stance in the world as being one of active
participation. Tnis quest to understand, and .the role_of prior
knowledge in understanding; results in ideas which are unique and.
subject to continual change and renlacementz. In science education
research; this constructivist view of learning can inform us about
how children understand school science. It can'also help explain
observations about the diﬁficulties children experience in science
‘and perhaps account. for the persistence of children's perso’al ideas
about science content . This area of science education research has
been referred to by‘a variety of 1abeis: alternative framework '
research (Driver, 1981), alternative conceptions'(Gilbert; & Watts,
1983; Minstrell, 1983);'cnildren's science (Gilbert, & Watts, 1963;
Osborne, Bell, & Gilbert, 1983), misconceptions (Eaton, Anderson, &

Smith, 1984; Gilbert, & Watts, 1983), and preconceptions (Anderson, ‘&

Smith, 1984).

oy

4. Alternative Frameworks in Scierice Education
Some generalizations which have arisen from alternative

frameworks‘studies include the following (Adapted from Osborne, &



Wittrock, 1983):

1. young children entering elementary classrooms hold
alternative beliefs about science phenomena which may
be quite different from those held by scientists,

2. if children's ideas are changed by thedteacher 's
presentation of the lesson, the changes are somet imes
quite different from those intended,

S?“)' 3. children do not really change their ideas of how and
why things behave as they do as a consequence of sc1ence
teaching, and .

4. older students and adults may still hold fast to many
of their original ideas about sc1ence they had as younger
children.

Researchers suggest a number of factors which may influence
children to develop and retain alternative ideas about science
content. Driver (1981) believes that children actively use
observation and 1nduct10n to try to explaln the world. She adds
that there "1s also a creative and imaginative element involved on
the part of each child in constructing the meanings [the child]
.imposes on eVents"’(Driver, 1981, p. 95). Children‘é‘constructions

, . _
of alternative ideas about science can also be influenced by continual
exposure to society (Solomon,‘1983):

.In daily conversations and through the mass media, our children

- are confronted with implicit assumptions about how things move,
their energy and their other properties, which can be directly
at odds with the scientific explanation that they learn in

'school. Outside the school laboratory, these adolescents are

continually being socialized into a whole repertoire of

non-scientific explanations. Examinations of newspaper reports
and everyday language makes clear the pervasiveness of this

subversive process. {Solomon, 1983, p. 49).

“Young children arr1v1ng in classrooms already have many ideas about
'sc1ence whlch they have constructed through personal experlence and
a l

exposure in society. These ideas such as spiders are not animals

or plants only grow in gardens appear coherent to the children, and
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researchers have discovered that these beliefs é%e both stable and

persistent (Driver, Guesne, & Tiberghien, 1985).
The language of school science, its conteﬁt,,and its teaching
methods provide a further challenge for children. In school science,

children are confronted both with new terminology and familiar words

such‘as particle and work, now beéringvunaceustomed defin}tions
"(Driver, 1981; Gilbert, Osborne, & Fensham, 1982; Munby, 1976};
Osborne, & Freyberg, 1985; Sutton, 1980). If children are nbc\aware
that some words take on new meanings in school science, tﬁen they
continue to interpret_the words within "the context of ordinary
-language, rather than within that of scientific language" (Munby,
1976, p. 117). *Thus, because of the terminology‘used, the teacher's
inferpretation of the purpose of the science lesson and'the.child's
- understanding of that purpose ‘might be quite disparéte. In school
séience,‘then, we may be asking children not only to learn content,
but also to cobe with voéabulary which conflicts with their prior /
knowledge.

Solomon (1983) belieVeé that in school science we e*pect children

. : s
to "be able to think-and operate in two different domains of knowledge

and be capable of distinguishing between’ them" (p. 50). Solomon
(1983) identifies two coexisting spheres of everyday notions and
scientific éxplanations and further relates them to Schutz and

ut
Luckmann's (1973) discussion of life-world knowledge and symbolic

universes of knowledge. Briefly, in our normal or ‘neutral attitude ™
we tend to loosely categorize our experiences. "These are then
reinforced by communication with others and by language itself,

which gives this '1ife—worid' knowledge both social value and great
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.

persistence” (Solomon, 1983, p. 50). This life-world knowledge
: A
contains the alternative ideas about science yhich children bring to

our classrooms. In school science, children ledrn other knowledge

' ) o
i

systems which "stand above [their] life-world structures, . seeking to
explain [their] experiences in énother province of meanihg, and
formipg what have been called 'symbolic universes' of knowledge"
(Sdtomon, 1983, p- 50). Children are then faced with‘'the task of
trying to cépe and understand within tﬁe context of two different
domains, and school science becomes a problem of translation.

Schutz and Luckmann's (1973) theory is related to Donaldson's
(1978) notion of embedded and disembedded thought. Like 1ife-world
kndwledge, embedded thought deals with things and reasoning in the
context of familiar patterns and events. Disembedded thought is that
which "no longer operates withiﬂEthe supportive context é; meaningful
events" (p. 75). Donaldson argues that for school to be more
meaningful to childreh it must:present human sené; situations with

éybich children are familiar. However, Solomon (1983) expresses

| 'gg;bt‘aboqt'this contention and instead argues that "the deepest levels
of understanding are achiéved . . . by the fluency and discrimination
with which we learn to move between these two [life-world structures
and symbolic domain] contrasting domains of knowledge" (p. 58).
Certainly children are faced with numerous challenges in school science
which could result in some children retreating ffom the subject, others
partially acceptihg the ideas, and still otheré becoming fluent in
alternating between two domains of knowledgeﬂ

One reaction to the recognition of children's alternative ideas

about science has been to devise stratégies for changing these ideas
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(Anderson, & Smith, 1984; Driver, & Erickson, 1983; Hewson, 1981;
Hewson, & A'Beckett Hewson, 1984; Johnson, & Hove, 1978; Olson, 1982a;
Osborne, Bell, & Giibert, 1983; ‘Osborne, & Wittrock, 1985; Pines, ’
1980; Posner, & {Gertzog, 1982; Posner, Strike, Hewson, & Gertzog,

1982; Rowell, & Dawson, 1985). Prominent among these is the work'

»
satisfied for change to take place: "there must be some dissatisfaction

done by Hewson (1981) who maintains that four conditions must be

with the initial conception; the new conception must be intelljgible;
the new conception must bé initially plausible; and the new conception
must be fruitful" (}. 387). To create initial dissatisfaction,.
résearchers try- instructional conflict, discrepant events, specific
teaching sequences, or modified instructional strategies designed to
challenge children's alternative ideas. However, this strategy

éssumés that children will readily sée these anoﬁalies and that learning
is promo;ed by the resultant conflict:ﬁ Claxton (1986) warns that "an
equallyllikely respénse to being challengéa or 'confronted' is a
defensive entrenchment, and a denial or evasion of the learning
opportunity" (p. 127). He\further contends that 'children generally
learn from discovering alternative ways of achieving a successful
performance rather than from attempts to rectify error, failure, or
conflict" (Claxton, 1986, p. 127). Gunstone, Champagne, and Klopfer
(1981) also caution that humans have a large capacity for storing
conflicting principles. Therefore, a discrepant or conflicting event
might not replgce an idea but rather be stored alongside the view

it was intended to supersede. \ ‘ -

- 5. Generative lLearning Model

From the recognition of children's alternative frameworks,

/
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factors influencing framework construction, difficudties with the
language and content of school science, and ideas for changing
alternative frameworks have come suggestions about how these observations
can be incorporated.into some model of 1earning.

.Driver and Erickson (198%3 have observed that alternative
f ramework researchers‘seem‘to ;hare certain assumptions about’ knowledge
and learning, and share a Eommitmnnt te some form of constructivist.

psychology. This shared view of knowledge and learning‘underlies the

{ . . :
Generative Learning Model which was originally presented by Wittrock

(1974, 1977, 1978, 1981, 1985), and has since been applied to

alternative.framework'research in science by Osborne and Wittrock

(1983, 1985). e

ith the assertion that learning involves

%

Wittrock (1978) begins
relating sensory informati A to existing knowledge, and he claims
that he did not originate-this idea,\but rather this is a view which
can be traced to ancient Greek and Rome. Wittrock (1977, 1978, 1981,
1985) finds this active view of knowledge construction to be compatible
with current brain research and offers that: . -
In the context of [history] . . . and the recent research on the
human brain, imagery, and semantic and verbal processing, I
suggest that learning in schools be reconceived as a generative
. cognitive process*. . . From this point of view, it is plausible
“that learning is basically a process of relating stimuli to
‘ previous experience, from which one induces and elaborates
meanings and representations. According to this model, learning
with understanding is the process of transferring previous
experience to new events and problems. (Wittrock, 1977, p. 176)
In Wittrock's view, if learning involves relating new information to
existing ideas, the construction of meanings, and the eventual
transferring of these meanings to new situations, then what must be

important to learning is the child's existing ideas and his or her
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ability to generate 1inks between these ideas and incoming stimuli .t

Osborne and Wittrock (1985) summarize the key postulates of the‘ .

Generative Learning Model:

N

1.

The learner's ex1st1ng ideas 1nf1uence what use is made of
the senses and in this way *the brain can be said to actively
select sensory input.

The learner's existing 1de§§/will influence what sensory
input is attended to and what is ignored.

The input selected by t e learner, of itself, has no
inherent meaning. Just the sensory stimulation is received
by the student who must then construct meaning for this
stimuletiona

The' learner ger~rates links between the input selected and
attended to, and parts of memory store. .

The learmer uses the links generated and the sensory, input
to actlvely construct meaning.

The learner may test the constructed meaning against other
aspects of memory store and against meanings constructed as
a result of other sensory input.

The learner may subsume constructions into memory store.

The need to generate links and to actively construct, test
out, and subsume meanings requires individuals to accept a
major responsibility for their own learning. (Adapted from
Osborne, & Wittrock, 1985, p. 64, 65, & 66)

This learning model can account for observations which have

emerged from alternative framework.research such as the observation

that children's pre-existing ideas can influence science learning, that

children sometimes cling to pre-existing ideas despite science teaching,

that children can display a variety of ideas after a science lesson,

and that learning is something that only the learner can do. These

observations, and the ability of the Generative Learning Model to

provide an interpretive framework for them, has led to some

implications for teaching and learning which have focussed on the
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importance of encouraging childrén to accept responsibility for their
'own learning, and on the importance of the teacher's role in
) influencing what the children select and give attention to, what the
chiléren generate links to, and what meanings the children construct.
Perhaps there are additional considerations, however, about the
potential classroom implications of alternative framework research

which should also be consideredl

\
6. Issues Regarding Ihplications for the Classroom

Despite‘aCCeptance of the existence and legitimacy of
children's alternative frameworks, however, researchers have tended
to view these frameworks as problematic. The overwhel%ing reaction
has been to suggest ways in which children could be encouraged to
abandon these alternative ideas and embrace 'éorrect' scientific
explanations. Perhaps what should be asked here is, should children's
views be altered?

The theoretical background of alternative framework research
maintains that knowledge is subjective and tentative in nature, and
construéted as pgople actively try to make sense of the world. It
seems, however, that such a view of know;;dge is set‘aside inﬁgsﬁing
the question, What s;ould we do about children's alternative
frameworks? This question suggests a view of knowledge that seems
contrary to the view of knowledgé which underlies alternative
framework research. fnstead of recognizing that alternative
frameworks are an inevitable outcome of children's subjective
vconstrqctions and that these frameworks possibly rep}esent ideas

" which children consider during the evolution of some personal

understanding, we bBecome concerned that children do not have the
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'‘correct' interpretations of the science. The idea that there is éne

correct, unassailable answer and the implication that there exists an

B

authoritative view, is reminiscent of the realist rather than the
constructivist view of knowledge.
There is also the ethical question in asking children to change

]

their ideas. Olson (1982b) offers:

.

Candy puts the problem clearly in focus: 'Yet it is in the area
of deliberately contrived personal paradigm shift that the
adult educator must be particularly cautious. For a start,

such major interventions in people's construct systems raise

the very real problem of how a person immersed in one particular
set of personal constructs can construe and, ultimately, come >
to use another (hopefully more functional) 'mind set' or
personal paradigm. Moreover, there is the profound ethical
question of what right any person has to imply that ‘another
should modify (or more critically, completely reconstruct) his
or her world view'. (p. 74)

Perhaps the asking of this question about how we can guide
children to adopt 'correct' scientific explanations is inevitable
when Qe Regin to talk about science in school. Curricula, textbooks,
and eQ;luation all stress content for which the student is held
accountable, and society increa;ingly demands ‘'competent' school
graduates. White (1979) has ?ointed out that society influences
what is valued in schools; he identifies several movements which

are currently influencing sodiety's demands for competence. He

£ ¥

concludes that "along with members of other fields, science educators
must accommodate to this demand and will have to deliver cdmpetence“
(p. 2). White (1979) then illustrates his view of competence by
.
discussing achievement, mastery, and proficiency.
Perhaps if children are to succeed in the school system, they

must ‘learn' the 'correct explanation' or 'process’' regardless of

the existence of opposing alternative frameworks. Even if we



25

<

' recogn1ze the valldity of the underly1ng assumptions of the 'O

construct1v1st view of learning, res1stance from the soc1ety ﬂh

“which we llve, and the school structure whlch 1s 1nf1uenced by~that o

j soc1ety may. 1nsteadC§esu1t in the promotlon of a realist v1ew of the
nature of knowledge. Maybe this 1n part explalns why the
‘construct1v1st view of learning is stiil v1ewed ‘ag being relatlvely -
novel desplte its’ obv1ous common sense.’ . ‘ y ."

Some d1ff1cult quest1ons remain to be asked: What do chlldren

R

‘~rea11y learn in school? What 1s ‘the nature of chlldren s learnlng 1n
' ‘). ’ W
school? How do teachers view #hildren's 1earn1ng° and What factors .

-

°;aSSociated W1th the structure of‘the school mlght*influence

chlldren s learnlng and understandlng in sc1ence° These questlons may
> 1n part be explored‘by enterlng a classroom and spendlng tlme observ1ng
vand conver51ng w1th the students and the teacher. Perhaps by
coilaboratlng with classroom part1c1pants we can.begln to understand .

how chlldren learn in school science and the factors Wthh stand to -

1nfluenCe the learnlng process - ‘13*1

B. therature Related to Collaborat1ve Research

1. General Background

Collaborat1ve research, actlon research, and collaboratlve
actlon research are just some of'the labels glven to methodologlesf
-whlch empha51ze a 31tuat1onal, collaboratlve, part1c1patory, -and
_self—evaluatlve approach to. classroom—based research Although
"dsome authors dlfferentlate sllghtly among these tenns, others seem to
“treat them as synonyms and cla1m they share the common character1;t1c o

of” collaboratlon among study part1c1pants to. (a) identify a

problem; (b) negotiate a method; (c)(gather, analyzey and interpret -
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data, (a) present the f1nd1ngs, and (e) decide upon subsequent
xmmpactlon (%cCutcheon, 1981; Nixon, 1981) Thls ‘Study began as' a
: cooperdt1ve study because the initial study questions were -not formed
in collabOratlon with the cooperatlng teacher. Instead, I 1ndependently
generated the study questions‘and thenfsearched for a teacher who
shared my concerns‘about children's 1earning in elementary science, ‘and
‘perhaps would be w1111ng to move from thlS cooperative stance to a
I
more collaborat1ve, shar1ng pos1tlon
Actlon research was or1g1nally 1ntroduced by Lew1n (1944) and has
_since been 1dent1f1ed as hav1ng the potential to address a variety of
concerns (a) a recognition that problems chosen by researchers are
often too removed from practice, (b) the observat1on that educational :
‘research is done by those out51de~the classroom for the benefit of
people outs1de the classroom (c) a concetn that teachers lacklng a
. background in statistics may have dlfflculty 1nterpret1ng trad1t1onal
cemp1r1cal research, and (d) a ‘desire to close the gap between research
and practlce (Carson, & Couture, 1988; Ingram, 1959 Nixon, 1981).
Evans (1982) concludes that interest in collaboratlve research "has
been ‘stimulated by the W1dely adghowledged need to conduct research
Jand: develop models that w1ll lead to a greater use of research
knowledge in school and instruc: :onal improvement. efforts" (p 144).4
A des1re to make research more. relevant to classrooms and
.,teachers is often stated as the ratlonale for other qualltatlve
research methods such.as case studles and ethnographles Actlon

o

research, however, goes beyond the part1c1pant and non- part1c1pant

’

obser:atlonal method of a case study, and'the claims of ethﬂbgraphy

to provide a potential synthesis of the production of knowledge and



97
the demonstration of its applicability to educational practice

(Cohen, & Manion, 1980 WOOdS, 1989)..-Acffah research further clalms
that ongoing collaboration w1th the teacher and the chlldren allows

the participants to deal with problems wh1ch are of ;mmedlate concern

and it may increase the benefits participants may derive from the

-
<

research.

-~

Some of these beneflts may include: (a).an increasehin

understanding the classroom, (b) an increase 1n;the potentlal for making

o l
1nformed dec131ons, (c) an enhancement of the. tQacher's feellngs'of

‘ profe551onallsm, (d) a stlmulatlon of dlscu581on about the teacher s

‘ classroom, (e) a%’eneral sharpenlng of percept1on, and (f ) an

":'“r L‘
¥

opportunlty for children to reflect upon what they do in the classroom.
Action research encompasses an eclectic range of research

designs. Teachers may work alone, or with a group of teachers, or in

conJunct1on with unlver51ty based researchers The scope of the issue

under study!ggy be narrow or broad and the timeline may range from a

few days to several years. Methods may 1nclude the wr1t1ng of d1ar1es, .

. L

observatlon of classrooms, 1nterv1ew1ng, recordlng classroom lessons,
teaching some lessons, and collect1ng samples of, tests, notes, and

assignments. Thls'eclect1c1sm can in part be attributed to the

L4

~ongoing collaboration which can lead to the modifgcation of the initial

- research problem and the‘%’radual e\/&tlon Of: the methodology

3 .4 .

"Therefore, collaborat1on involves a recoghltlon of the valuable‘

' 1n51ghts and knowledge that each person brings to the study, and an

ablllty to work in an atmospheregof "constant change" {Trubowitz,
1986, p. 21). '

‘Action_research is not withoutnits problems. De Bevoise (1986)l
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warns that "idealogues wlth rigid agendas for reform and practitioners
who dis st theory and re51st change w1ll probably encounter
frustratlon in 1n1t1at1ng or respondlng to a collaborative pr03ect" 2‘
- (p. 1). ~Therefore, the ability to develop'an atmosphere of mutual
\~respect, cope-with change, be flexible, and malntain an ongoing
connmmication are essential elements of successfnl collaborative ¢
research (Cohen, & Manion, 1980; De Bevoise, 1986; Ingram, 1959; ‘
McCutcheon, 1981; Root} 1981);5 Cohen and Manion (1980$ suggest that
if research is to progress and be beneficial then it is necessary for
the teacher to be favorably disposed toward the project, to be truly'.
Ainvolved}.andbto'know the objecti&:i;zigﬁrhat these imply. A _
McCutcheon (1981) advises that the teacher and ;esearcher should haveb \
eoual but not 1dent1ca1 roles and responsibilities. Clearly,uthe
. selectlon of the teacher and the working relatlonship which is ﬂ'
establlshed is an important part of any collabora esearch effort.
A w1de varlety of issues can %e exﬁlored using collaboratlve

§ :»J-»

methods. Many teachers have 1dent1f1ed and studled topics of immediate
classroom concern®such askdiscipline, evaluation(‘diagnosing 1earning
difficulties, group behavior, curriculum tooics, and program
1mplementat10n (Carson, & Couture, 1988; Ingram, 1959 Nixon, 1981).
Nixon (1981) adds that actlon research can also inform "the teacher's
Judgement about such thlngs as how children learn, what the critical
moments in this~learning process are;,and how and'wheqﬂthe teacher

- should intervene so as to f301l1tate this process" (p 6). eTheee
interests aboyt how chlldren learn and thé diverse ideas they may

have 'at the conclusion of a 1esson are issues found ‘in alternative

framework research.
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\ 2., Alternative Framework Research Which Resembles

Cfggélaborative-Research‘ > ' -
The majority of alternative framework research has relied on‘
'steged situations"outsideiof the cleSsroom where either the child
Tfor the teacher~was studied in isolation. Techniques that have been ‘
i!used to formulate taxonomies of children'$ ideas sbout’science topics
include word‘asaociation, free association, concept‘propositional
omapping;-interviewlabout inStances,linterQiew about phenomena,
written tasks, rule assessment, observational methods, and some
-natoraiistic studies (Driver, & Erickson, 1983; Sutton, 1980). These
techniques were useful because they initially provlded a way to explore
the ideas children haveuabout sc1ence. In recent years, there has
been a recognltlon that studying chlldren as they part1c1pate in thelr
science classroom may prov1de additional 1n51ght into the concrete,
complex situation\with vhich the teacher must deal. Several
researchers have studled the child in the classroom whlle ma1nta1n1ng
an ongoing collaboratlon with the teacher (Baird, 1986 .Osborne, 1985;
~Tasker, § Oshorne, 1983). '
Baird (1986), an Australian researcher, is involved in a sciehce

learning stday called the Project for Enhancing Effective Learning

(PEEL). The premise for his methodology 1is that 'school 1earnihg is ¢
inextricablevlinked with the teacher and therefore, to explore the
issue offlearning and how it‘occurs, both the teacher and students
must together be involved‘rh the research. Although Baird (1986) ahd
his cOlleagoes devised the notion of PEEL in 1984 and admit it

represents an extension of their earlier research on learoing, they

still call it action research and state that: -
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In action research, the participants act as researchers - = they
observe and collect information on an instarce of learning,
reflect on and’evaluate these observations, then use these -
evaluations to clarify issues or act. to change procedures,
These new procedures are then subjected to the same research
process. Students, teacher, and myself were engaged in
researching changes in classroom procedures, attitudes, and
behaviours as students trialled new procedures. (p. 14)

This methodology continues to be used by Baird (1986) although he

s

admits that after his 1985 research he observed that these methods

neither provided all the answers, nor even produced a cohesive
package of techniques which can be directly applied elsewhere

. however, [it has] revealed some of the inherent complexity
of the undertaking, indicated some directions in which to go, and
provided some useful lessons for what not to do.. It has
demonstrated that, for success, the teacher must match high
levels of commitment with high standards of semsitivity,
1ntrospect10n, and adaptability. (p. 294) ¢

Baird contlnues to experiment w1th this methodology w1th the goal to
eventually developing effective, independent learners who take
. responsibility for their own learning.

Osborne (1985) was involved in the Learning in Science Prqii

(LISP - Prlmaryé,whlch was carried out from 1982 1985 in New Zealand.
The goals of th1s research were to explore the learner's perspect1ve
of the classroom and to provide part1c1pat1ng teachers with feedback
on their science programs Two complementary research foc1 were
establ;shed 1) 1dent1fy1ng chlldren s views of various phenomena,
and 2) observ1ng typical science lessons 1n_order ‘to ynderstand the
‘classroom experience (Tasker,-& Osborne, 1983).

Tasker and Osborne (1983)-useo audio-recording of classroom
conversation and interviews with students to elicit their vie&s of
science. However, they found that it was more difficult to collaborate
with the teacher. An initial probiem nas to locate a primary teacher

~ who had a real concern for primary science. This was in part due to
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primary teachers ﬁreferring notlﬁo teach science and‘ﬁinimal_ '
resourcesvbeing availabie in ﬁhe séhools; Onceia teacﬁér had been
identified} however, the reseérchers worked to establish a collegial.

relationship with him or her. Another problem was access to the "

teacher. Often the teacher simply had too many school responsibilities

““and discussions had to be held during other mutualiy agreeable times.

The researchers concluded that their methodology allowed valuable
insight into the learner's perspective that could influence future
scienéé‘curricuié and teaching strategies. It also allowed for the
inclu;ion of teécher comments which can "ensure moderation of the
portrayal" (Tasker, & Osborne, 1983, p. 138’.

'Baird (1986) and Osborne (1985) emphasize the importance of
Speaking with participants as they experiencé science in the classroom

% . . . . . ‘

'setting. Although Osborne seems to stress the viewpoint of the '
learndr, Baird attempts a more‘intensive éxploration of the o
teacher;student interéctionq Howéver, both mgthodologies héve the
underlying theme of change. Baird is concgrnéd with changingb
students and teachers intd more active participators in the
educational process, and Osborne is concerned with changing

Students' understandings of science.

g~

Intertwined with this theme of change is another theme

-emphasizing#cticality, Much educational research has never taken

“into account the context of the classroom and has been criticized

"by teachers as being trivial, irrelevant, and "something of no
practigal use to any classroom teacher" (Osborne, 1985, p. {?). By
doing naturalistic classroom studies where views of the 'insiders'-

are coﬁsulted, authority is shared, and mutual respect is paramount,
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the complexity of worklng and learning within a classroom and school
system can be portrayed Such a portrayal is one which classroom
teachers can read, understand, and sequently relate po their own

classrooms. -,

3. Towards This Study
The research methodology that I used in this study was

practical, classroom-based research, sénsitive to the participahts,
and concerned with change. 'It began with.a cooperative stance, but
then became more collaboratlve because of the interest and.
‘WLf?ingness‘of the teacher It would be arrogant, hoJever, éo suggest .
that if research is to have any value then it must adopt a qualitatiVe,J
collaborati?e stance. Collaborative research is simply meant to
address a gap between research and practice, and my use of this
methodology should not suggest that other meﬁhodologies which explore
additional concerns-and questions cannot also'inform science education.

In this study, I recognize the recency of collaborative
research methods in science eduoation, and some of the difficulties
children have learning séienoe. Therefore, the experience of
attempting a collaboratlve methodology in a Canadlan classroom, and

my concomltant concerns about how children dnderstand sc1ence combine

to provide the focus of thxsistudy. o i



Chapter Three - : \

Research Design

The éﬁestions addréssed in this thesis deal with how a small
 group of children understand and construct meaning during a

élassroom science unit,. and how collaborative research methods >
might be .used to enhance the exploration of classroom issues. The
consideration of these questions necessitated the formulation of a
research design which could pro?ide a framework in wh%ch these
questions could be examined. In Chapter Two, howevér, the discussion
‘abou; collaborative research revealed that this study'was in fact a
cooperative study in which collaborative methods could be used
depehding upon the claséroom teacher's willingness to assume a
collaborative role. Additionally; the previous discussion about
collaboration claimed thét change was'inherent to colléﬁoration,

and tﬁat researchers must be willing to make compromises,ggndifg
modify initial design plans.

o. The research design that is presented in.this chapter represents
"the desigﬂ I developed prior to meeting with a teachef} and prior |
to her decisioﬁ éboutrthe fole she would prefer to assume in the.
study.- Aéxi£‘;;b§éned,—£ﬁe>£eaéher who didAagree to participate in
this study was willing to collaborate with me, and thevsubsequent
modifications, and changes to this initial research design are

presented in subsequént chapters.

A. Research Design Prior to Meeting With the Teacher

In this study,.I anticipated that the teacher would be willing

- 33



*  to assume a collaborative r?%e, and that the children might display
reactiony to the science unit that were similar to the. react ions
50cumented by alternative framework researchers. Therefore, it was
first necessary ﬁo élarify terminology and then to coleider possible
roles and field experiences which might address the study questions,

f
1. Definivion of Terms

ReSeéfcher: Although collaborative methods emphasize that

0l wﬁb all‘participants act asnreseérchers, the term

o / . researcher will, in this dissertation refer to

| me, the writer; this should nogkimply that other

participants are not also researchers.

Scientiét's Science: Generally accepted scientific viéwpoint
regardihg any particular aspect of science [as
accepted by scientists] (Osk rné, Bell, &
Gilbert, 1983, p. 1}

Teacher's Science: The version and interpretation of

scientist's science given by the teacher in
I . classroom presentation.

Children's Science: The views of the world and meanings for

' words that children tend to acquire before

tﬁey,are formally taught science, and offer
) ‘ :

during and after the classroom presentation

N

of science.

2. Teacher as Collaborator
‘ The teacher may play a key role in this study. His or her
collaboration may take the, form of:

1. sharing ideas about presenting science in schools,
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2. exchanging ideas about children's learning in science,
3. modifying the research design,

4. reading and discussing interview transcripts and lesson
descriptions, .

5. reading and commenting on working copiés of the thesis,
6. participating in audiotaped intérviews,

7. collecting children's documents, and

8. reflecting on the experience of collaboration.

3. Student Participants

The children will.assume the role of study participants, and
although I plan to interview them about issues related to their
personal understandiné of the teacher's science, and allow them to
read and respond Qo their own interview transcripts, they will not
have access to the full range of raw data.

Upon my initia; entry into the classroom, I plan to spend time
talking with all the children about their science interests, and
tﬁeir past experiences as science studentsf From these conversations
I\intend to identify three or four children who are copfortéble
talking to me, and who are willing to participate in the study. In
tﬁis respect, the identificatidn of students is somewhat of a
self-selection on the part of the students because my identification
Qill be dependent on the gradual emergence of their interest in
talking to an aduit about science. -

If the children I identify agree to participate in the study,

permission letters will be sent to their parents for written

3
‘ .

approval.
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4. Role of the Researcher
"

My role as researcher will include coordinating ?nd
guiding the study while offering the teacher the option t6
collaborate to the extent that he or she feels comfortable. 'I
anticipate that my role will include:

1. obsérving science lessons,
2. interviewing th® teacher and the children,
3. preparing interview transcripts, .

4. preparing interview summaries and interpretations,

5. discussing data with the teacher,

6. discussing the experience of collaborahidh with the teacher,

7. writing and sharing working copies of the study with the
teacher, and

8. preparing the final study document.

5. Field Experiences

An important field consideration is the amount of time

which is allotted to science in the Alberta Elementary Science

Curriculum Guide (1%83). At the Division II level, only 100

minutes per week is recommended, an allotment that would provide
me only 2 or 3 periods of class time per week:( In an attempt to
expand my time, provide me Qith a broader view of the classroom
situation, and to help me appear as less of a ‘stranger' to the
chi;dren, I will be sitting in on other sﬁbject areas which
pfecede, and follow the science periods. Not only will this éllow
' ﬁé an increased time for getting to know the children, it will also

provide me with a sense of the classroom events taking place which

may influence interactions during the science period.

.

36
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The procedural activities I intend to use in the study are
{
presented in tﬂg following sections.

a) Study Summary

A research proposal sunnary\will be used to guide the
discussion duriné my initial meeting with the teacher. This summary
will take the‘form of an oﬁtline presenting (a) the purposes of the
study, (b) anticipated'methodblogy, (c) a description of
collaboration, (d) potential student interview questions, and (e) the

teacher's potential role in the study. [see Appendix A}

b) E;hnographic Recording of Classrpom Description
My written récords will include field notes of the
physicdl description of the classroom and my,opaérvations of each
;;ience lesson. Descriptions and observations ;illvbe.organized,
typed, and shared with the ééacher for consideration and comment.

[see Appendik B]

c) Group Interviews With the Children

I will begin by audiotaping two or three group interviews
in which I expect I will have to spend ;ome time explaining to the .
children wﬁy I am in their classroom, what I am going to do, and why
they are being asked to be key informants. ﬁ:’»"ﬁl also give the
children an opportunity ‘to get cdmfortable-with the idea of talking
to me, and‘being tape recorded before moving into individual
interviews. At the conclusion of the study, the children will
participate in a final group interview in which their general
comments about‘science, and-the study, willi be explored.

d) Individual Interviews With the Children

\\\\ Prior to the presentation of the science unit, I intend
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to interview the teacher about her plans for the unit. From this
interview, I will generate a list of questions about this unit and
then interview each child on audiotape to ascertain his or her
initial ideas about the science topic. [see Appendix C)

After each lesson in the science unit, the students will be

interviewed on audiotape to elicit their reactions to the lesson,

their ideas about the teach

science, their method of coping

with the tasks, and their ns about the lesson. [see Appendix

D]

e) Summaries of ChiMf¥en's Interviews

A brief summary and interpretation will be compiled -

from the children's individual interview transcripts. Each child

L ]
will have the opportunity to read and comment on the accuracy of the

s

summaries. [see Appendix E]

f) Teacher Interviews

The teacher's initial ideas about teaching and learning
will be explored .during an audiotaped interview which will be carried
out priog to the commencement of this study. We will also discuss
the currieulum as planned, and the teacher's personal bhilosophy and
values as they apply to science.

After each science lesson, the teacher will be interviewed about .
the difficﬁlties experienced, and his or her perceptions of student
learning during the lesson.

The teacher will alsb be asked to record any reflections on our
discussion thaE may Seem pertineﬁt, and any observations of the key
informants in other subject areas which may stand to.influence their

actions in science.
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‘ agalnst my wr1tten descrlptlons'of the content, action, and

K dlalogue of the science lesson4 I ‘will make brief 1nterpretat10ns

‘_assess the accuracy of my comments, and add the1r 1nterpretat10ns to

:'chlldren 's perceptlons.of (a) the purpose of the lesson, (b) how

of emerglng themes and: these 1nterpretat10ns Wlll be subnltted

g) Daily Journal
- o S :
Thls Journal w;ll contain the personal slde of my

‘fieldwork and will 1nc1ude reactlons ‘to 1nformants and classroom

»‘observat1ons\1n add1tion to my reflect1ons»on my-experlence~of

collaboration. I w1ll not make the contents of this Journal

;available to other research partlclpants

' 6.‘ Data Analy51s B
The llSt of quest1ons wh1ch the ch1ldren w1ll respond to

after each sc1ence lesson prov1des the broad framework agalnst whlch

W

. , data analysls w1ll occur.‘ These questlons are des1gned to explore the

‘:they coped w1th the lesson, (c) what they 1earned and understood about

the lesson, (d) what they belleved about the 1esson, ( ) how the1r

eas changed, (f) how the lesson m1ght be related to other lessons,

[

(g) new. vocabulary, and (h) what they wongered about at the‘

vconc1u51on of the lesson. The chlldren Y answers to. these questlons

Wlll be complled into 1nterv1ew sumnarles, and w1ll be examlned

R

oo

to the chlldren and teacher so that they may read these 1nterpretat10ns,‘

?

° . v ..

mlne., In thls way, data ana1y81s, and the valldlty and reallab111ty

_of the 1nterpretatlons, becomes, to some extent, ‘a collaboratlve
: analy51s 1n whlch the ong01ng prOCess of 1nvest1gatlon and “ﬂl P

'collaboratlon results 1n an accurate descrlptlon of th 1tuat1on,"

l

'.?followed by 1nterpretatlons which portray the ideas and experlences °f

Al

g



the participants. The readers, too, will part1c1pate in the -
N determination of ‘validity "to the extent that. the observatlons

. cover some matters that they are already famlllar with" (Stake, &
N ) N = d’,
Easleyy 1978, p. C:27). » ff

"My dec1s1on to’ share the data with the teacher, and to 1nc1ude
]
the teacher and the children in data analy51s, was based upon the -
reallzatlon that it was absurd to cla1m that the study involved

‘ collaboratlve methods 1f the teacher was to be prevented from reading

and reactlng to the maJorlty of the data , Be that as it may, sharing

data w1th part1c1pants stood to 1nf1uence what data ‘would eventually -

- be 1nc1uded in the the51s, what connents I mlght choose to record in

‘ $‘ my classroom notes, and what comments might be edited from the -

.»%» chlldren s 1nterv1ew transcﬁupts. These concerns about the potent1a1
AR ké

- effects of sharlng data gave rise to. thé questlon, How can the study be

L a rellable and valid portrayal of the situation if partlcipants have

%the qbportunlty to read and perhaps edit the study before it is made

notiglve the resea;éher "11cense to reJect any respon51b111ty" towards

\the partlclpagts (Glazer, 1973, p. 134) In .all research studles, and

i arefully we1gh his on her own interests agalnst the 11ves of the
part1c1pants. If a cr1t1cal ded151on arises, then the researcher'
"h should err on the 51de of .ethics and compassion toward the

.

part1c1pants.

_ Also, all observatlons and conversatlons gathered durlng a if PR

0,11

qualltatlve study rarely appear 1n the f1nal draft of a thesis. }v

&
¥
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Some data simply does not inform the study questions. ‘Other comments
may be uttered in confidence and their appearance in”a‘publlc“
document constitutes a breach of that confidence. Therefore, the data
uhich appear in the.final document always represents only part of.the
entire'piCture¢ andvif this'document is judged by‘study participants
to be an honest portrayal of what it does discuss, then it is valld
Perhaps. we can conclude that the dec1s1on to share the data w1th

part1c1pants, and to exclude some data from the written thesis, is not
a question of honesty or validity, but.an expression of the compassion

and responsibility that must exist towards those who are willing to

assume the burden‘of allowing researchers into their classroom.

-

THe small number of chlldren in this. study limits
generallzab111ty in the tradltlonal sense.' Instead,

generallzab111ty depends on the degree to Wthh the reader can relate '
0 PR /
to what is described, remove it from context, and 1nterpret it in

=

terms of his or her own life experiences. Stake and Easley (1978)

~ speak of the naturalistic generallzablllty of the1r quglltat1ve

. i
\studles

We looked for a klnd,of generallzab1rity based on deep

understanding of phenomena which increases one's opportunity

to recognize similarity and analogy. [Generalizability]

depends. on eﬁiendlng-the reader's ex1st1ng apprehensien of

experiences through new v1carlou§ experience. The general
“then’'is a very personal general. (p C:26) '

'udent»carmeﬁts, ?{ﬁd our dlscussmn and

u\mterpretat,;c&“of those comnents, can be translated to the reader s
f 51tuat§on and dan result in an exten51on of understandlng, then
generallzatlon has occurred The value to educators of fhjs kind of"

- generallzablllty is that’the eaders are part of<§3§ dec131on-mak1ng'



. (b) 1ntroddc1ng the Study to the chlldren, (c) observing other ‘Fﬁ

process and w111 be able to make a personal judgement about the
ut111ty of the study. /{‘

B. Towards This Study

The research design presented inhthis'chapter represents the
plans made prior to locating a classroom and participants. ln the
remaining chapters, thls de51gn is changed and modified by the

KRR
teacher's w1111ngnes 6

ﬂborate, the time restrictlons we

;! i A
experlences, the content of %he sc1ence unit, the teacher's
'111ness, and the need to make the study compatlble with the
- Y

EXIStlng classroOm tlmetable Spec1f1cally, there were changes and

modifications to my'lnltlal plans for (a) choosing the children,

P

v, I ;"g"

subJect areas, (d) the initial group interviews, (e) the chlldren ;
readlng and respondlng‘to the 1nterv1ew summaries,'(f) the number
and format of the teacher interviews, and (g9) audlotaplng

chlldren s dlalogue dur1ng sc1ence 1essons Some of these changes

AY

h and mod1f1cat10ns‘are discussed 1n'subsequent chapters while others,

such'as my'plans to observe other subject areas, are not discussed
because they were simply dropped because of time restrictions, and

the teacher's w1111ngness to share her 1n31ght into the chlldren s

. °
a

' personalltles, and homellves. 2

In the following chapter, I begin my search for a Division II.
classroom in which science is taught on a regular basis, and for a
teacher who ‘might be w1111ng not only to allow me to 1ntrude into

the classroom, but who also might be w1111ng to assume a'

collaborative role in this study.

i
3

'@,Fr.—



~ Chapter Four

| Research Setting : .

The decision to explore my study questions by usinj methods
assoc1ated with collaboratlve research necessitated identlfylng
both“a‘teacher who would be w1ﬂ11ng to undertake con51derab1e
responSLbig;ty,‘and‘a group of children to whrch I could direct my

attention.

A, Choosing the Classroom

-~

An appllcatlon prov1ding a descrlptlon of the research ‘was sent -
to the central offlce of & 1argé" urban school system This

.application requested a Dlﬁlslon II classroom in whlch elementary

i
v

science was taught on a.regular bas1s by a teacher who mlght be
willing to partlclpate 1n Qng01ng collaboratlon.
I requested a D1v151on IT classroom for th;; study for two i?;
reasons Division II students would probably have a larger "
vocabu‘ary and a hlgher 1ev%% of artlculatlon than Division I
students, and this could be helpful in ‘interview situations. Also,l
Divisicn I students have had more experience in elementary‘school
' scienceiand thus are/likely to have a wider perspective‘and‘variety
of backcround experiences which may stand-to influence how theyA
',agnrcach'the science unit.
‘ﬁThe‘aspect‘of ny applicatiqnwabout,which I‘was most

hesitant was locating‘a teacher-whc would be willing to allow_this.
study in his or her classroom. Although I.;elt confident that
activity.science’classrooms did exist in this school system, I -

- 43
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wondered if thereiwas a teacher who would welcome a researcher who..

not only expected to observe all the science classes, but also

wanted the teacher's ongoing input into the study. These feelings -

of doubt were intensr;ied by the knowledge that I had never worked

within this school system and was not familiar with any staff members

 that I could independently7contact,‘and to whom I could propose the

study.

Consequently, I requested therassistance of one of the school_
system's science consultants and asked her to recommend a list of
D1v151on I1 teachers who were interested in elementary science
educatlon, were known to have an activity science program in.
their classroom, were personable and capable of carrying out a
collaboratlve effort, and who possibly had attended the consultant's

recent inserv1ce presentatlon on alternative framework research. The

- consultant provided a list of 15 teachers whom she thought might be

appropriate for this study.

1. Contacting the Teacher

Prior to contactlng any of the teachers on the consultanﬁ s

list, I dec1ded that I would phone a teacher, meet with him or her,

‘and allow him or her to make a decision about participation before

I woudd contact a second teacher. Thie methodrwas used to avoid
the situationvwhere I might initially speak to seﬁeral teachers,
have ‘more than onewagree to participate, and thennbe faced with
having to make a choice.among these teachers. One disadvantage
of this approach was that it could uSe'considerable_time,

especially if I had to contact many teachers and allow each of

them several days to consider the project. As it turned out, I



— 45
only had to talk to two of the teachers on tje eonse}ﬁéntvéoiist j
'before one agreed to participate. | | |
The initial phone call to the teacher held many challenges.
I ;ealized that I would-appear as a stranger and in retrospect, - \‘\\
I'believe I should have hed the consultent do the initial contact
so that the study would immediately be.legitimized, and the
/ teacher forewarned that she o; he was to receive a call from a
doctoral student. The teacher who did agree to collaborate with
~ the study remarked in subsequent interviews ‘that the initial phohe
‘call dld seem to come "out of the blue" and that despite

[

introduction to the study and what it potentially entalled,‘she

was not sure just what I was asking of her. Regardless of her
uncertainty about the stedy, a teacher wh0'shali be called Mrs. L
agreed to meet and talk withnme about her potential participation
in the study. |

2. Initial Meeting With the Teacher

. On October 16, I had my ititial meeting vith Mrs; L, the
grade four teacher who eventually adreed to collaborate with this '
study. The purpose of thié meeting was«to introduce mfself, inform
her of the hature of this study, give fer a wfitten copy of a
. summary of the study [see Appendix A] and to ask her to contact

vme when ehe had arrived4at a decision regarding participation.

My overwhelmiﬁg concern wes that i was simply asking for too
much; I felt that there was a pos51b111§g that I would be unable
to find a teacher who would be willing to work on this study

This concern was reflected 1n.the journal notes %1wrote about this

initial meeting.
i
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I enter the school at 3:25 p.m. and go into the General
Office. There is no one at the secretary's desk and,the*.
principal's office is dark. As the teacher has “gaid that’ she
will find me at about 3:30 p.m., I stroll into the hallway
and read the various notices,that hang from two bulletin
boards:. community events, #nd a school philosophy statement.

Small children are mjiling about in the hallway and

Several parents stand in ‘the hall with me seemingly waiting
for children. Several of the adults glance towards me and I
fell a bit awkward. At 3:32 p.m. a parent approaches me and

“ asks if I am looking for someone as 'I don't .appear to be one
\\\ - of(the regulars'. I mention the name of the teacher I am

. seeking and the parent quideg me to the doorway of the

correct classroom. The teacher spots‘he, we introduce
ourselves, and then the teacher introduces me to my parent
guide. ~ :

- I am nervous as thoughts of just how much I am asking of
this teacher weighs on my conscience. I wonder if whether

our situation were reversed, 'I would even agree to
participate in this study, '

I began our meeting by.asking the teacher if I could
audiotape this initiai mééping because if she did agree to
participate, it would be impgftaﬁt for us to be able to have a
record of the conteﬁt;qf::hévigterview. The teacher seeméd
hesitant so I‘assurea her that once thé interview was.completed,
the tape would remain in her possesgion. I added that if she agreed
'to.participate, I would‘require the ﬁapé=for transéribing. later,
the teacher confessed éﬁét‘being audiota;ed was an'ihtimidating
and somewhat iscéncertiqg eXpérience, but at the same time she
realizgd that the-tape‘éégld,contain data important to the study.

) The‘interview beganwaith myldescription of how I arrived at
?yjstudy questions. Then, I defined collaboration and offered that
égliaboration could possibly involve: teacher inﬂ'?'into sﬁudy
design, the teacher reading'interview transcrigts} ongbing

interviews with the teacher, and sharing the eventual thesis

writeQUp. Next, I informed the teacher that the methodology

46
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. would involve audiotaping interviews with the children and th

teacher, and recording written descriptions of the science lessons.
I further encouraged the teacher to.take advantage of the
flexibility of the study design and to consider providing ongoing
comments about practical concerns, and philosophidal issues.
: Finally} we discussed briefly the potential timeline of the study,
the éhoosing of student participants, and the writteh summary of
the proposed study that I had brought with me. Latef, Mrs. L
wrote:
When you outlined your research proposal I found myself
considering very carefully whether grade four students could
withstand the steady interviewing. You helped me to make
this decision by giving me several examples of the types of
questions you would ask the children. The questions were
straightforward enough and I suspected the children would
enjoy the experience.
The teacher had many concerns and comments about her potential
participation in the study. Her first concern vas regarding the

mahy other commitments in her life. She was already involved in §

a learning Processes inservice program concerning children's

learning styiés. She also attended science inservices and hgd
_impénding-responsibilities yith respect to a student teacher; and
‘the Christmas Concert. |

Mrs. L also predicted ﬁﬁat~the presence'of a ‘researcher in -
her classroom could add to existing stress levels. .She thought
she would feel "on disblay", and that this could probably lead
to a sense of vulnerability.

Mrs. L was also concerned that the study might become an
eVaLuation of the teacher. This was an issue which arose during

Q | » . ; :
my master's thesis, and I hoped that by including Mrs. L in the

47



data collection, sharing transcripts with her, and maintaining
an ongoing discussion, would relieve her concerns. Osborne and
Freyberg (1985) warn that

Teachers 'who expose their classes to this kind of

observation must be assured that their performance as
teachers is in 'no way being judged, although it is inevitable
that what*they say to their students, individualiy or as a
class, will affect the thinking and responses of those
students. (p. 161)

The teacher added that she was familiar with talking about her

teaching because of her past 1nvolvement in an Effective Teaching
Program, and she was already aware that children were capable of
making critical comments about their schooliexperiencef

Another concern centered on“the fact that another teacher
in the schooi was vocal about her own negative experience regarding
the presence of awéﬁgduate student researcher in her classroom.
Mrs. L, however, felt somewhat reassured that her own experience
might be positive because of the potential to share the data and
coliaboratevwith me.

We also discussed the potentlal scheduling and timetabling
of the study. Mrs. L wondered 1f she taught "enough" science,
whether her classes would fit into my schedule, and when I hoped to
complete my study. .I emphasized that I would fit my schedule into
her timetable and that her next science unit on §Qgég would
probably be of a length quite suitable to this study. |

When this initial interview ehded, I asked the teécher'to
contact me when she had made her decision about particiéation.
Although I thought that both the teacher and her program would be

ideal for the study, I really felt that she would decline to

48
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participate. Later}in the study, Mrs. L wrote:

I realize I must have sounded awfully cautious, even

negative. But, I was actually excited and wanted to do the

project right from your first call - I was just building up my

nerve, I guess. :

Really I was quite excited by the -prospect. I just

wondered: What did you expect of me?, and Could I live up

to it?
On Sunday, October 18, Mrs. L phoned to say that she would be
willing tq participate }n the study. She suggested that I come to
her classroomguring the morning of October 19 so that she could
introduce pg to the children, and so that I could start to

familiaride myself with the classroom.

3. Entering the Classroom

I entered the classroom just prior to the morning bell
and two students immediately asked me if I was a substitute teacher.
Mrs. L soon introduced me as someone who was interested in
elementary science, and who would be observing the leésons and
talking to children during science class. The children' seemed
accepting of the idea of having another adult in the classroom
and they spent the rest of the period silent reading, writing a
spelling test, and compilinglliSts of questions that pertained
to the magnetism unit they had just completed in science. I
spoke to several children about. their magnet questions and then
départed from the school after the morning recess.

On October 20, I met at noon with the teacher and the
principal. Rough drafts of the two student permission letters
[see Appendixes F and G] were presented for their approval and I
agreed to make same minor changes.

After our meeting with the principal, the teacher and I went

»  a
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to her classroom and spent'ls minutes introducing the impending
study to her students. - Although I had originally planned to do (I,
this introdqction, the teacher. believed that the children would be .
.more accepting of the research if they could observe that the
teacher was also involved and supportive of the study. At the
time, Mrs. L was not aware of my intentions to introduce the
study, but beéadse I valued her willingness to become involved,
and the thoughtfulness of her action, I.encoufageévher to do the
introduction. Consequently, Mrs. L told the children that

1. I was working on a Ph.D. and was interested in

children's learning in science;

»

' 2. I would be coming to the children's science classes
to observe the science activities, to talk briefly to
many children, and then to spend time interviewing a
small group of children using a tape recorder;

3. the children who would be selected for interviewing
' would have to be committed to attending the interviews.
and being responsible; and, that

4. tomorrow, a letter would be sent home to explaln the
study to their parents.

Upon hearing this introduction from their teacher, the children
directed some questions towards the teacher aég me. Some of these
questions included:

1. Will an?one be hearing the taped conversations?

2.. What if we don't know the answers?

3. If we have the wrong answers, will you tell us the
right answers?

4. Will we be missing class to do this?

5. Will there 'be any homework if we miss class to be
interviewed?

e

After we answered these questions, Mrs. L asked the children

e
A

-
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to think carefully, and then to raise their hands if they thought i
. they would like to be in the small group that would be

interviewed. ’Twenty-two of the twentyé%ix chiidien in the class

-raised their hands. |

E. Choosing the Children

On October 21, general permission letters were distributed to
all the students in the classroom. Two students were eager to know
if all the ch11dren could be 1nterv1ewed and I answered that although

I was interested in what all of them had to say, time prevented me

from such an extensive exploration.

Aithough I had originally intended the selection of the
children-to be more of a self-selection, the time spent attaingpg,

[

“a

ki

approval from the school system and gaining entry to a classr

L
g AF
e 2 A

self—selectlon. Therefore, the teacher and I met after séhpol o.

T
Tl e

generate a short list of pos51ble carndidates for tf‘l‘

A
PPIERE ST

sessions. Issues which 1nfluenced our choice of c%ﬁqﬂ; _

included:

1. excluding the four .children who did not raise
hands; : :

'special' such as Academic Challenge," althou

2. recognizing that some children were already ;q:_g - &
they
be good part1c1pants. }

by an interview situation;

5. considering the emotional, needs of chlldren;:
ourselves who would benefit from extra atte

6. considering who would be respon51ble, persf

and crnnutted
Y : ‘ -
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7. wondering which children had a good voice for
audiotaping; and

8. wishing to involve children from a variety of ability
- levels.

The teacher and I discussed these issues and on October 22
Mré, L supplied me with a ligt of approximately ten students who
would be appropriate for th?~§tudy. During the science clasé that
took place that same day, I assessed how comfortable these students .
were with me by baiking withktgem asvthey worked at their desks.
From these conversations, I selected five students who
subsequently agreed to take part in the interviews. These five
wére givén a second permission letter which outlined their
additional respoﬂsibilities. The pseudonyms that the children-chose’
for themselves were Christa, Victogﬁa;ing, Gordon,“aﬁq Samantha. ‘n

-

C. The Setting ' '

‘Greenwood School is located in a large, urban area. The school
is éurrounded on four sides by middle and upper clas; housing;
a qniversity-housing complex for married or mature studeﬁts is
situated several blocks from the school. About 50% of the children
in the school live in this housing complex. Consequently, the
school population represents a wide §pectrum of socioeconomic
groups, contains children of many dffferent ethnic origins, and
consists of many children who have parents involved in
uhdergraduate and graduate programs. N

Mrs. L's grade four classroom is situated on the north side
of the school immediately adjacent to the grade five classroom.

She has 26 students in her homeroom and 12 of these students live

in the university housing complex. Five .students who live outside



“these subJects to be of prlme 1mportance, even at ‘the elementary

| level._~

53

he hou51ng complex also have parents enrolled in unlver31ty

‘About 52%.of the chlldren in Mrs. L's class are from Alberta., The“:"

wo
.

remalnlng students llSt Ontarlo, Quebec,‘Braz1l, Iran, Hungary,

i Zambla, and the United States as thelr blrthplaces Mrs L has
"not1ced th&t parents of students from outs1de Canada have an

espec1ally h1gh regard for mathematlcs and. sc1ence, and they cons1der ,

R S

B . . . .

. The Grade Four. classrpom has two’ s1nks along the east wallyy

vwhlch, although useful to the teacher, are s1tuated 1n a shelv1ng

c,unlt that renders them too hlgh for the chlldren to use comfortably

. e

_ Storage shelves and bookshelves 11ne the room and Mrs L is able to

store some of her sc1ence equlpment 1ns1de these unlts ‘The two

»-WlndOWS are bordered w1th bulletln boards which dlsplay an

assortment of chlldren s prOJects, anl1st of French vocabulary,

rellef map of Alberta,»wlldllfevposters,'and a collection of items

about Sound.. These Sound items include: magazine articles on:

»lightning, bats}'planes, and dolphins;‘directions for taping

sounds on a tape recorder, dlrectlons for construct1ng Dr. Zed s .

'Elephant Whlstle, and a chart 1llustrat1ng symbols used in s1gn ;

.language.

)

- In the northeast corner of the classroom is a small corner

gdlsplay w1th a varlety of books, some of whlch are about varlous

b

" science toolcs’includlng Sound. A gerb11 cage conta1n1nq three

'gerblls 1s 1ocated near the southeast corner of the room, and a

prOJectlon Screen hangs from the ce111ng on the ‘west 31de of the |

'room.

P : S o 3
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The classroom is constructed from-

N materials.n The floor is covered by broa oom, acoustic tiles line -

the ceiling,‘and the walls of the claserOm
?Ppearance - B | }
- The chlldren sit in groups of‘four or flve and the1r desks

have flat tops that are ideal for worklng w1th“ob3ects that would

roll.off an angled:surface., The chairs are separate ‘from the desks /
. and are easily moved to new seating arrangemEnts.ﬂ

Mrs. L's classroom glves the general 1mpress1on of being

¢abr1ght due to the llghtlng, w1ndows, and color scheme The large
M (‘ g .
dlsplays of chlldren s work and the prov1s1on of spec1al items

whlch children can observe and read, comblne to suggest that chlldrenM

and their 1deas, are both valued and encouraged in thlS classroom

D. The Teacher. ; | L B | E o : v
Mrs L teaches all subJects to her students except for 7 | e
; mathematlcs and phys1cal educatlon For these'subJects,‘she‘switches
‘classes w1th the. grade flve teacher Additlonally, Mrs. L teaches
mu31c, art, and Extended French to her own class, and also to ‘ Y
' Grade F1ve |
Mrs. L'is in'her fifth year of'teaching In the earlyv1960's
she attalned a Bachelor of Arts degree with a double maJor in.

Engllsh L1terature, and zoology burlng thlS time, she also took o

a number- of add1t10nal sc1ence and math courses and- then assumed

Ea .
v

"respons1b111ty for rals1ng her young famlly 'In'1978fshe B s

B e—entered the Uhlverlsty of Alberta in a B.Ed. /A D. program and.
PN R :
completed the program requlrements by kgBl ‘Shg 'vas soon hired for

F -" & ¢

Tan. elementary p051t10n w1th the system W1th1n‘wh1ch she is p;esently



S ; o )fﬂ
. . ‘*" .".‘, . . ] 5
» i LA f
o _ ,

employed o - R . . :
: - , J
Mrs. L is enthusiastlc about sc1ence as a'shbject area and hasf

'if

served as a D1v151on II representatlve on the prov1n01al science’

- teachers' spec1allst council. She,at;ends 1nserv1ces in elementary

L

science, and subscribes‘to science publicdations such as Science and

Children.

. Mrs. L descr1bes her ‘science program as be1ng ACt1v1ty—based
1nvolv1ng the. chlldren 1n worklng 1ndependently and with others;
‘1nclud1ng the process skllls, requ1r1ng some wrltten records in
chlldren s. notebooks, contalnlng other exper1ences suph as fleld B
trlps, films, guest speakers, and library research; and 1nvolvlng
times when she hasrto'tell-the children. some information. She
thlnks it is important for teachers‘to display enthusiasm and
interest in sc1enqe, and descrlbes herself as an 1nterpreter,
fresource person, mentor, and gulde for the ch11dren Her
ekperlence has taught her that chlldren enJoy an actlvity program s
'andogaln confldence when they are able. to explore«and manlpulate
v'materlals at their ownﬁpqce .-She wonders 1f@§ﬁ.ls heed extra trme:
_‘1n sc1énce becauseﬁ%%ey frequently 1ack\the knowledge and :” e
aexperlence that would beneflt them durlng some sc1ence topids.
Although Mrs. L enJoys teaching sc1ence, she also recggnlzes \
; wthat it is’'a challenge to cope with an act1v1ty program It takes

e

,tlme to plan the act1v1t1es and locate mater1als for class use. \

s

The science perlod must also f1t 1nto the tlmetable and sometlmes -

‘ thlS restrlcts the amount of tlme avallable for the chlldrennto
gmanlpulate obJects 1ndependently. Addltlonally, Mrs L has the

chlldren sitting 1n groups to ‘encourage them to share materlals and

’
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exchange ideas, but she admits- that this arrangement may present
‘problems espec1ally when she requ1res the students attention.

‘She has also observed that chlldren seem anx1ous about evaluation;
however, some form of evaluation is requlred by the schook system

in the form of a report card mark. ' »
12 J' *

In general, Mrs. L‘believes.that science should be taught
in elementary grades and that children benefit from their

involvement in science. However, such. factors as time, the

i
a

avallablllty of mater1als, class size, budget cuts; and
. 1ncrea51ng teacher respons1b111t1es, all~stand to 1nfluenCe haw
teachers approach and present science in the classroom

In addition to Mrs. L's respon81b111t1es as an elementary
teacher was the comm1tment she made when she volunteered to
.partlc1pate*1n thls study. Her v1llingness to collaborate with:mé
nmeant thatnher croyged'schedule had to be modified to include |
. times fOr‘reading tranSCrlots, being interviewed, and'reflecting
on the study. The experlence of thlS collaboration, and how it -

influenced the study and ourselves is presented in the follow1ng

chapter. o e

56



\,

™

Chapter Five

b

%~ ‘ [ ' Experience of. Collaboration

I‘s,

hll

ﬁurlng our initial meetlng, I prov1ded the teacher w1th a

‘ smnnary whlch outllned ‘some of -the main themes of collaboratlve

’)

research recognlzed by other authors (Amablle, & Stubbs, 1982b
Hord 3986, Trubow1tz, 1986) These themes 1nc1uded the necess1ty.
for muﬁual respect, the xecognltlon that each part1c1pant brought

spec1ab1zed kn ge to the study,‘and the ant1c1patlon that there
§

~ could p0551bny‘be a gradual evolution of the research methodology

As the study progressed, Mrs. L and I discussed how

s ' .
part1c1pa%1on in a collaboratlve study, and the shar‘lg of data,

'

was 1nf1uenc1ng both ourselves and the study. We also- examined

5 ‘P‘.

questlons pbout the requlrements of collaboratlve methodologles,

and what we eventually percelved to be the costs and benefits of
these methodologles & I ' R
a The“study changed both the teacher and me, ard although the

chlldren d1d ‘not. artlculate 1t %o a great extent, it can be implied

i from thelr comments that the study also caused the chlldren to

2

‘reflect more upon therr actlons and thlnklng

Th1s hapter will. focus. ﬁn the experience of
,m,
collabora&ion that was created by the teacher, the chlldren, and

. fmyself and how collaboratlon served to expose the requlrements,

r'dllemnas,.llnltatlons, costs, and beneflts of thlS methodology

A. Regulrements ‘of Collaboratlon

In this study, the teacher'and I Were aware of the roles that
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the partiq;pants' pereonalities and philosophies could play in a
collaborative stody. It~seemed that collaboratlon mlght not occur
:unless Joth the teacher and the researcher possessed certain
personalrty traits, and partlcular attitudes toward research.
Therefore, part of our’ experience of collaboration: involved the '
1dent1f1catron-of these traits, and subsequent characterization
of potentiai collaborators.
I commentedkthat a teacher who is recommended for a research
study probably already has.the reputation for 'going beyond' the.
job description. This shggests that the teacher who is judged to
be exceptional within the school‘system is asked tojassume_even
more responsibility.  Consequently, the.teacher who might agree to‘
participate is one ﬁhose desire,to learn and grow outweighs'his.or
‘her reservations about time and extra work. | |
Mrs. L wrote that the potential teacher-collaborator should o
- be interested in thé¢theory behindvthe.practice of teaching, and
" perhaps might already have questions aboutlclassroome that he or
she lacks the time and expertise to research ihdependently.
Aﬁteacher who is supportive of classroom-based research by
university researchers may be the kind of person who has
sometimes wondered why certain things happen in [her] own
classroom, and whether certain things could be found out.
Such a person would be more likely to be 1nterested in an
out51der s project in [her] class.
Mrs. ‘L thought that prior to agreelhg to participate ih , .,».? -
' collabofative research, the teachervsh?uld be.willing to make the : jiﬁﬁ
commitment to work closely with’ someone, ahd should be inclined

to assume respon51b111ty to see the ?esearch through g

owth stagesr

'to completion. - .This suggests a conséggrab¥§gt1meA¥

S R
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" Amabile and'étuhhe (1982b) offer that "before teachers dec;ae'to
become 1n951¢, | reséarch, they must realize that the time
cor:l’nitment may"'be substantial® (p. 249).

'In addition to recognizing the time commitment involved in a
/collaborativegstudy} the teacher should be willing to cope with
scheduling changes which might arise from the hecessity for the o

- researcher to observe a class in progress, and to interview'the
children after the conclusion of that class. Perhaps a teacher"
who is adaptable, flex1b1e, and respons1ble for the same chlldren P
for large blocks of time might be best able to adapt to-these
scheduling’adjustmentsﬁ | ‘

Ideally, the, university researcher shoﬁld possess past
experiences that are in common with the teaCher. In this'study,
our shared expetrience as elementary teachers helped us | <
immediately to converse on a.common topic, and my background
provided me with‘additional insight into the.challenges Mrs. L.
faced " presentmg 5c1ence 1n an elementary classrng\ |

- The researcher should. also realize that change 1s 1nev1tably

‘ga gﬂrt of the collaboratlve process. Changes may arise in the ‘

;form of (a) scheduiing alterations,v(b) methodological

£

modlflcatlons, and (c) ed1tor1al cqnnents suknutted by the teachér

* This: suggests %hat for collaboratlon to occur, the researcher must
: il

be flex1ble, sen81t1ve, and- w%'ng to ‘make: compromlses.

.

Collaborat&va»research cah ‘only develop in an atmosphere of.

.

‘dlspersed leadershlp Amablle#apd Stubbs ( 982b) ma1nta1n that

-

'declde tgacollaborateaweth teacﬁérs%on researc Esh&hld attempt A"ﬁ

ey
. e -
. SN
P ,
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to make that collaboration as complete as p0351b1e" (p 251)
In this study, I invited the teacher ‘to part101pate in analyzing :
and 1nterpret1ng the data, in editn'bwmrklng coples of the thesis,
and 1nﬂc£§er1ng 1n51ght irf€o her,experience of the study. During
her f1na1 1nterv1ew, Mrs. L cgmgented

I asked myself, 'V‘\at d'id’ you mean by.collaboration?'. I

guess you meant handing. me transcripts and. keeping me

informed. You also asked me for any input I might be

interested in offering. And you were very careful to make

‘it clear that nothing was pressed. I: never felt pressed to

have input of any kind L

Re01proc1ty is an 1§sue Wthh should be given due

/ .

con51derat10n in collaboratlve research. ,The‘researcher,must'be
aware of the teacher's potential respdnsibilities;concerning data
collection, interviews, and editing manuscripts. *ﬁe Bevoise (1986)
 recommends that "the first step in a collaborative prOJect is to

apprec1ate what the rewards are for each side" (p

suggests that the researcher ‘should value the 1ns1ght the teacher
possesses, and should "con31der whether the custqmagygexpre851on
of thanks is really enough compensation and should aétémpt to
provide something more tangibleﬁ (Amabile, &vStubbs, iééZh),

p- 252).

In summary, the teacher and researcher should be flexible
and confldent, and should possess a mutual respect for the 1n51ghts
éach has "to offer to both understanding children and d01ng research"

(Amablle, & Stubbs 1982b, p- 248) Time is a major consi "ation
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background experiences, and the‘initial sharing of these
experiences can potentially create a foundation upon which future
sharing and cooperation can occur. Finally, the researcher should
be cognlzant of the potential contributions. of the teacher, and should
strlve to ensure that the teacher receives some form of compensation

for his or her time. and effort. , ' _ .

B. The Influence of Collaboration

During the study, Mrs. L and I worked together to develop and
modlfy the reseanch methodology that I 1n1tially presented to her.=
- Qgr modlflcatlons_arose from our concern to adapt the methodology

to the chiidren, and to the classroom presentation of Sound.

~—

AdditiOnally, our collaboration influenced the data I chose to
1nc1ude in this thesis, and resulted in a gecognition that we had

all been 1nfluenced by the experience of collaboration. Issues
1nyoly1ng the influence collaboration had on the study, the
teacher, the chlldren, and on me are presented in ghe follow1ng
-sections i

e

‘,rl;. On_the Study o .

-

The collaboratlon between Mrs. L and I resulted 1n minor

changes to the 1ntended methodology Some changes were mentioned

r\v .
ﬁ.‘ 1

'1n Chapters Three and Four and these 1nvolved.the method of choo ng

the ¢h11dren for the 1nterv1ews, and the’® 1ntroductlon of the st
EA

Yoo - W‘

to the class._"‘ | | ' o %?

Another change to the 1ntended methodology involved thg
&\

, chlldren s 1nterv1ews. Inltlally, the children were to spend part

of thelr 1nterv1ews readlng and reactlng to the interview

"g;nmumrles.p_My 1nterv1ew questlons about each 1esson Yere of such
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A

comments as they worked on their science activities in the

lenéth, however, that little time remained to reflect on summaries .
(fm& previous ing%rviews. Therefore; f had to modify my plans to
ensure that this important aspect of study validation was not
omitted, +and somefof these modificatiéns included (a) paraphrasing

and interpreting the children's responses, then asking the childfen

~for their reeotion;to my interpretations; (b) bringing interview.

summaries to each interview for the purpose of referring to Specific

v

comments already offered abou%ya qoncept, and{ (c) including a summary

1nterv1ew in which prev1ous statements were examined and sometimes

challenged.

" I also found it impossible to audiotape the children's

claseroom. First, tne activity times tended t6 be about five to ten
minutes in length, and usually the children only had time to

repeat the teacher's demonstration, briefly try some of their own
ideas, and'then continue with a teacher—difected class discussion.
buring these activity>tihes,'the children seemed to prefer to work
at the'EKii rather than resnond to my questions. <When I would
attemp£ £0 interrupt these children to clarify what they were doing
and thinking, they tended to stop the act1v1ty, speak with me, and

consequently not finish the task. Second, the Sound unit contalned

many activities in which the chlldren made and explored sounds. This

resulted in my, tape Eecorder being overwhelmed by background noise
even when I used an externgl lapel microphone.
In response to my inability to record the children's science

riences 'in progress', I snent time writing brief anecdotal
expe og g ‘

records about .the five children participants as they participated

v



in the activity. Also, I tried to interview all five children on
-the same day as the activity and I hoped this would enhance their
recall of the lesson.

Another change to the intended methodology was prompted by
the teacher's health. Following her first lesson about Sound on
October 27, Mrs. L fell ill and was unable to return to the class’
until November 9.. This event émphasized the human element of
classroom studies, and, in part, exposed the high degree of
responéibility that Mrs. L felt towards this study. During
Mrs. L's illness, I was able to interview the children regarding
their perception of learning,‘understanding, and believing. The
children's comments were to form é'starting point for this study and
are presented ‘in Chapte£ Seven. Although participant illﬁess
obviouély is not a requirement of collaborative research, it did
provide ﬁhe téacher and me with time to share oﬁr thoughts,.to gain
insight into our roles as educators, and to establish a working
relationship that perhaps was strengthened through this adversity.
Perhaps this ‘experience suggests the value of ingorporgﬁing
ﬁncreased time for reflecfion and sharing following the initial
agreement to collaborate, and prior to the commencement of data
gathering. |

~ In this study, Mrs. L read the children's interview
transcripts and encouraged me to include all of the children's
comments regardless of how the comments might {Sflect'on herself
or her tegching. Aé it transpired, the children were positiﬁe
about théir science experiences and concerns about omitting some

of their comments never arose. Mrs. L also thought that I should

]
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record episodes of classroom discipline and management which I
interftionally omitted fram m§ observation notes. She believed
that these events must also influence how chjldren learn science.
and although I agreed with her, I felt that the 1nclusdon of these

descriptions might make the study appear more as a teacher

. - evaluation than an exploration into children's learning. Also,

information collected from interviewing the ehildren wae more criticql
for answering the study questions, and the classroom descriptiohs'
served more as a background against which'the children's words
could be portrayed. |

Data sharing also added to the time spent transcribihg
audiotaped interviews.. In a coeperative study in which data
might not be shared, the researcher can make brief notes directly
from the audiotapes, and forego complete transcripts. In a
collaborative study, formal transcripts ehould be produced to -

ensure that the teacher is informed and knowledgeable about what
0

is transpiring. . v

2. On the Teather

Mrs. L wrote and spoke at 1en§tﬁ about. her experience
of participating in this collaborative stﬁdy Spec1f1ca11y, she
1dent1f1ed my observation of her 1essons and her opportunlty to
read the children's interview transcrlpts as promlnent factors.-
During my obser;ation of her science iessonéfé?@p. L felt .
more aware of her actions, lesson presentation, qﬁéétioning R
techniques, speech habits, and her classroom management. She felt

constantly on display -and it wasn't until November 17 that she

spdke of feeling more relaxed.



I wag 111 at ease. It bothered me. I was annoyed and
exasperated that I could not overcome my nervousness faster.
I anticipated that I might be [nervous] when I agreed [to

participate], I guess.
I don't know why I was i1l at ease because I have had a

lot of these consultants come in and . . . I seem to perform
quite comfortably in .front of them. Maybe it is because they
only come now.and then. : v

. So, I thought 'Well, let's see, the more science I do for
avhile [the more I'll get used to you and then] I won't even
care'. That's the week that we wore each other out. But, I
got over [my nervouspess] You see, because I taught science
nearly every day and I couldn't have cared less by the end of
the week(3§out whether there were 27 science researchers at
the back of the room. -

My observation of Mrs. L's lessons, and her reading of the
interview transcripts, influenced Mrs. L to reflect upon her current

methods of student evaluation.

I have also thought a little harder about how I was evaluating
them and what different ways [there are] to evaluate what has
gone on. -We are always confronted by the fact that we have to
come up with a report card mark . . . it would perhaps be a
good idea to see if there's a different way besides knowledge-
based or problem-based written evaluations.

Mrs. L described the children's interview transcripts as
"fascinating", "informative", and "insightful." The transcripts
changed her experience of teaching the unit and éhe also began to
question come of her present praéfices, and Tonder about fhe '
children's experience of her science lessons.

I was fascinated togsee what they were thinking, how much
they knew, and how clearly and confidently they could
articulate their thoughts. Just to think - while I am
conducting lessons and activities . . . these children are
sitting there entertaining such interesting, complex, and
down-to-earth thoughts, weighing and judging information
and tossing out the stuff that sounds unreasonable. )

- To'read about what they have been thinking in class as
the lessons roll along is like looking into a new world -~
perhaps like jumping iua with a mask to see the fish after
just basking above on the ocean surface imagining what they
looked like.

Mrs. L also Commented that being observed and reading the

’ 1
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children}; tf%nscripts influenced her approach to planning the lessons,

her personal evaluation of her lessons, and her,responée to the

[ .

children. . .

%I have already acknowledged that I think, plan, and prepare
more carefully because of the presence of an observer. For 7.
upcoming lessons, [I ask myself], 'Should I modify, leave
out, or plan differently knowing better what tasks they feel
successful at and where they felt they learned something?

For lessons already completed - in the future, 'How
could I make those concepts more clear to grade four? Is it
possible ef§n? What increased learning steps or real
experiences ¢an: I create? Your summary headings help me:to

, evaluate the.leéssons in terms of their perceived learning and

‘gundefst@ndingl?f?%or example], the lessons where they thought

o  they tlegrly. leathed something stand out from lessons where
Loy they felt'confused about an objective. So I think, 'Shall I
build ip more abbut the Concept in upcoming lessons? How
"+ [pen I]xfelteach it more meaningfully?'. - _
¢ " ,AS I‘am thinking about the Sound unit, I sometimes look up
what "the children thught about some, concept (e.g., what did.
. they: segm'to know about echoes, or mdtter) - to see if I can
,f,makeiabﬂeaningful lipk'betweenlthose early impressions and
“ " what I would 1likei them to know about the concept after some
« .activitids andilessons: :: - ‘
/... . feel.an increased sénsitivity to, or awareness of, the
** Seudent's viewpoint. *They are waiting for a task to be set.
. ' . Hby clearly can I do this?, - ‘
.. . .. Already, sometimes,while I'm teaching, I look out at
.. - the dilenit, expectant fades in the class and I can almost
. 'hepr the' transcript voices wrestling with something I've just
..~ -+said - those unearthly, sensible, logical children's -
T, thoughits. - '
PR S ,
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A@*fhe‘cﬁné;dsion 6%.the study, Mrs. Kk made additional comments
”féboutiﬁOQZreadiné the transcripts not only changed her during‘the_ -
stuéy;~bg£uh0w thé cﬁildren's comhents now stood to influence hér
science‘iéaching during the remainder of the year. Some of these
suéma;y comments refer to specific quotations' that the Ehildren made
and otherslto science activities that took plaée during the unit.
These additional comments Wwill be integrated into Chapters Six,

Seven, and Eight where they can appear within the context to which

they are referring. , N - X ”“f'; V"!?,;§ ;».
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.3 on the Children o AT P
. g ! : - . ' LY
o It was more difflcult to ascertaln what influence a '

Y

collaboratlve methodology was hav1ng on the chlldren Perhaps-this

i '

. was due to the fact that they had more of a fxratlve stance.

R

.and’ only read and. responded to data qathered durlng the1r own

_1nterv1ews Therefo?%s-thelr cmmnents about part1c1pat1ng in the
&
‘ study°do not represent.thelr experlence of collaboratlon,.but only

& - -

,-portray thelr experlence of belng observed durlng science class, and‘."
' A _

being 1nterv1ewed by a researcherﬁF s ‘:’.'r R
Chrlsta remarked that in general the study left ‘her w1th a. good'
» ,feellng but that 1t was- hard tcrdescrlbe thlS feellng She d1d say.

;however, that
&JQ‘ : : .
v ‘C:‘ [The 1nterv1ews] get-me to th1nk back to the 1esson and
o remember it and it stays in my m1nd a‘llttle 1onger than
the. other [subJect area. 1essons] .

v

She added tha‘3‘

y clasSroum observatlon d1d not affect her :

: .‘participatio'A,

'sought me out to show me some of her §9 actj
. y

Chrlsta‘f»
;had not mentloned the 1nterv1ews to her parents, and as they had

. @
‘-forgotten about her 1nvolvement,-they were unable to comment about

Y

Atthelr daughter s reactlon to the study Mrs L added that, in her

';oplnlon, éhrlsta dlsplayed greater part%c1pat10n and 1nterest 1n t5;

RN
AR S

'sfsc1ence class than she d1d prior to the’ studx;F

Vlctorla enJoyed,the 1nterv1ews because

&i‘”’ I llke Just talklng I talk a. lot )
L 4‘,”“ o .
V1ctor1a s mother volunteered that her daughter was thrllled to be ;‘J

vur;' part1c1pat1ng 1n the study and that 1cthla talkéd about 1t bn many
j L 'She felt that’ 1ctor1a was’ ple and flattered

L T v-‘ ~ . P
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that' saneon'evwantedf“to“ hea"r""what she 'had“*to Say‘ab'out . sEi’ence»~ ”'Mrs L

observed that Vlctorla seaned to pursue classroom questlons in a more
per51stent manner as the study progressed Vlctorla seemed to
1ncreas:mgly questlon the teacher, and Vlctorla complled written

. notes which- she used durlng some 1nterv1ews '

Gordon remarked ‘that 1nterv1ews were a good experlence ,t'or hlm, :

&

and that he could not thlnk of anything that seemed negatlve. “He .-

- -~
" stated that my presence in. the classroom and his ant1c‘l,pat10n of the? *

% 5
o 1nterv1ews d1d not a*’fect him in any way. Gordon's mother o Kl ..

_ "commented that Gordon "loved" bemg 1nvolved in the study, talked
-4

"‘about the. study at home, and found it 1nterest1ng to talk to someone\ .
\ B ; o . . v\.‘- ] .
1 ‘about a subJect in whlch he was 1nterested e e

- . .
f ‘-

Bob spoke of th1s study only in a p051t1ve manner He talked“'

; about how the ?1nterv1ews helped hlm to. &nderstand Sound, and ‘how

s
R

R 1nterv1ews would probably assist him in gettmg better. im sclence

H wdmt e TR M'*'- B B -
ea ed tha L , PO I T
! . 'B:" It makes me remémber 1mmy m1nd and it helps me more in :

s : sc1ence ang stuff L e

Samantha comnented that the 1nterv1ews helped her because they

«,L S Make my bra1n thlnk more That 1s good to make your bra1n ’ .
\*‘ mm-vva;) S _ : fd

She added that

_* g

. X ~ ) B : . ;' ‘ X . -'“ |P
. s: Sometlmes- [the teacher] asks me a questlon and® then someone _
" figure out the answer .

. tellsme I have to go with you and
. . 'better.-__-, R

.

Samantha found 1t }Eltehestmg to v1ew her ; ral 1geas about sound S

'although she adm1tted that her 1deas dad not seem to show much

44 “
B

‘change.- In class, she thought that my presence "influenced her to

’ th1nk "harder", and to llsten more carefully because she wanted to :

S AN S S RO B R




give me’ the 'right' answers. Samantha S parents had heard a great
| ~deal” about the study “from Samantha at the corrmencement of the study
ince that time, they ¢ould not recall Samantha comnentmg about the -
st‘udy but reasoned .that they bOth worked and dlscussmn time was
llmited Howexgar they did believe that, in general, Samantha was
very pleased wit;h school. : - . |

e 4. On the Researcher

N ”

N " Partlcipatlng in collaboratlve research 1ncreased my sense
of responsibllity and accountabll*ty tm)ards the children, the

teacher, and the sc1ence consultant who made the 1n1t1al

L . : B

reconmendatlon of po{,entual teacher part1c1pants. Before Mrs L

agreed to part1c1pate 1n the study I wrote: -/@ ;
One of the main concerns that I have at the commencement
of this study is the: responszblhty towards the participants. I °
am‘very much aware that I am representing the yniversity, and %h
educational research, to ‘the cooperating teacher and school,
. I also feel some responsibility to show the school
staff that not all graduate research is carried out [in the
. wa‘y a previous study was performed at that school. 1In this
B prev1ous study, the graduate student fa11ed to commumcate
‘with the teacher].
" I am also aware. of a respon31b111by towards th'e sCience -
. " consultant. I suspect that the consultant recomnended people
B © -’ who had an activity science program and who she might consider
‘ to be her friends. - Therefore, I do not. want to make thisa -
i 'bad'’ experlence for the teacher nor would I want ‘the -
{" consultant to regket she mvolved the teacher in the study.

_With}f\ese respo’,ns,ibilipti 1n mind, I hoped that by makmg the -

- tudy a. flex1ble, open expe 1ence to both the teacher and the

gg,hlldren, the beneflts o; part1c1pat10n would outwelgh the costs
’ .
'I‘hese concern¢§“ also made me more avare of the 1mportance of.

”'f‘pi:ocﬂt:y and, as I observed the amoun( of tlme and effort @at
2 >
i the part:ncl*pants contrlbuted to the study, it vas pﬁvlous this was

\ :

a 51gn1f1cant 1SSue. R
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My awareness that the teacher would be reading tpq children s
: R

transcrlpts made me more sen51t1ve to how th“ﬁ
react to comments the children might make abo; “her teaching and',

®assroom management . As it happened, the’children were very

1 »

. p051t1ve ‘about both the teacher and her presentatlon of the science,

-

and the issue never arose. X | '
My'classroom bbservation of the science lessons impressed
upon me the extent .and number of the yery practlcal daily events |
jwhrch are 1neV1tab1y a part orlteaching sc1ence in school. It
e 9 : '

. re 1nded me of my ‘own experlence as an elementary school teacher,

» : Ta B

'.(‘

>

about my knowledgehof eiementary scxence, and made me more aware
of,how my owh elementary students had experlenced my sc1ence»
teaehing;’ The des1gn of the studi and the conversatrons that took
lvplace made me aware of the personal experience of learnlng‘that

- each child seemed to undergo, and both\\he teacher andslgwondered

I thlnk we. both wonder if teachers have the 1nf1uence on

;‘chlldren s learning that society tends to think [teachers]

- have. At this point, I am 1ean1ng towards ‘the idea that not
only is childr learning very complex, but it is also very -
personal and lque. Maybe any*model for iearnlng, if indeed
models are even an approprlate thing to generate, must
recognize the personal, almost rellglous element , that seems
to . intertwined with the experlences of the child and other
elements in their lives such as parents; siblings,ff
pérsonalngy *sense pof self-esteem, hobbies, and general - .

. rnterests.‘ Maybe the 'personal’ outweighs everything else.

s S .
. . ’ ) i .‘\
» . . . y
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"C. Benefits and Cths ot: Collaboration

t Cb

At the conclusion of the study, Mrs. L talked about the

.

. 4 B ) . e . : '
potential behef‘its and costs that she realized. T also refleécted

on my own costs and benefits, and durmg the chlldren s f1na1

N
individual interview, they brlefly comnented on thelr study
,_experiences\ o . ‘
. o

The majorlty of Mrs L's experlences were positive. She’ spok:e
. \
‘Q"n ¥

;of ‘the, sense’ df personal, academlc, and 1ntellec’l. growth that

\ .

%
withey 'er adu,lt'“;lbout her students and classroom She corrmented:'

" 1 have really ebiuoyed ‘é rAll these - p051t1ve thmgs
happened. I have: really e yed thlnkmg about this and
trying to make it work. ”‘I‘!fa h ~beén challengmg

It's really been fun to > you': peerin ‘and for me ..

- to have a chance in a quijet. time to logk’ at t an'd to see
1 what was happenm [m ﬁa classrbom] ond mlnute to mmute
_basis’ instead of the totality Wthh is afy I ain used to
dealmg with. v

- I'm also 1ook1ng at ny own teachlng, I guess It ‘has +

ly be 1nterest1ng to see this as it was unfolding.

Just having:to comesup with something to say about ¥
wondering, believing, and changing, for example:. I think =~
mainly just -thinkiny about th® [has been- 1nterest1ng]

... I have certamly been thinking about soumd’a lot, and
c¥assroom management, and ol'gamzed activities for [the
children]. _ o .

g_ I've really 11ked readlng the research stuff too. I
think T will probably apply some of the thlngs athat come out
of: [the rese /a(ch] too. - -,

A .

Mrs. L also 'éncountere‘%i some costs o‘f partlclpatlon Among :

. these costs were time c_:ons1derat1qns, -and her self—;nduced

‘pressure to 'perform'.

- sl
.
re some costs,: but I would say. fatlgue and (y
press [were the main’ costs] I stayed up later s1 we
began/getting some of@he stuff done. ' I have felt the’
pressure. -But, it's .. .'a dszerent kind of pressure.
are really motivated. . . . It is not.a killing thing.
ft is an exciting kind of pressure. . . . -self-imposed
pressure ™ . . . Thi8 is a way a teacher would perceive [her]

.

e Ibped, and the QnJoyment of havmg the opportumty to speakA

71
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overwhelming experleﬂce of this study was a p051t1ve one.

. also 1earned that questlons I had as an elementary teacher. about

'

.

e

1mpressed with' the quallty of many people who teach chlldren and

role herae.
probably, want to do a good: job so that the study works out.
Also, so you look all right.
S’E stole a 11tt1e more time for science from the

I think

. other areas.
[Also], I went from 9.til 10: 15 until [the children]

- were just about huffing an

. Becau'se they were pressed.
science] coming on a little too quickly.

wanted to do better and mare of, and, that was loo g

\,

4

uffing on their desks.

If you are gomg to agree to do. t:his, you would

d. .
. The children probably éelt some limitations ‘on this.
think the children felt [the

The pity was there whs just less time to do something I

your transcrlpts
here.

poss1b1].ity of £

One thmg we could have done is- talked
ishifig, off"in January, and -thi
of getting that sleep. ‘and §

that to us in te
<about a 1&

@ysical and mental well—belng b Nevertheless, my

"More . tlme to think over what I

le leﬁ pressure e

~ the greatest benefits for me lay in meeting a,

-

1nterests and questlons about elementary scienc

thehr ded1cat10n to educatlon

g6
and the workmg c0p1es of the study

L 3
the data w1th the t%he

ﬁm'b

¢

‘\'

0

that’ program,’ are shared by. other teachers

ALY

‘u

educatlon

Y

One Yof '

*22

er ,who shared my

©

Further ' I was

I

k mamtalnmg an »act1v1ty science program, and how children. learn in

"

Another benefit for me lay in sharmg w1th the teachler the data, -

LS

8

th(ls, and then prov1de a: copy of the thesis once it had met

departmental aﬁbr

¢

4

whlch the «ghes i

%

1.'

mlght mlsrepresent the teacher s op1n10ns, or-

L

The method also avoided the 51tuation in

)

r than t’b “take away the data, write a'

o]

N

°

It seemed more ethlcal to shsare

s

Yy



appear to be more of an: evaluatlon of the teacher instead of an
Y y

explorat;pg pf the chlldren s 1eamung Perhaps ‘the beneflts that

I expe;ienced, and Mrs. L's comnents about her experlehcef suggestl o M

)

that excludlng teachers from v1:ew1ng and commenting on the data _

, also excludes them from the gz;owth arv benef1ts wh1ch Mrs. L

i recognized, and may prevent. ‘the reseﬁ:her from apprec1at1ng the - -
-

position of a teacher whbse ¢lassroom and teaching are being reported

/ .

win a public dooument '.“ o ‘- « -

L
»

L .
- Flnally, the costs and beneflts of study 'Vcipation to. the

“ fi&hlldren who agreed ‘to be 1nvolved in the | . erviews were

L)

«

exam1hed. On several occasmns, Mrs L informally ast?ed Ghrlsta,

| I o

Victorla, Gordon, Bob, ‘ and Samantha about the,ir exper1ence of

pert1c1pat10n, and I‘elso questloned the ch;.ldren abQut the1
"
reactlong to-the study durmg their f1na1 1ntefv1ews 'I'ﬁe only
(-»Q. B ’ .
study cost whlch Chrlsta 1dent1f1ed was’ that';‘she was sometimes

~

called for 1ntemews wh11e the teacher was read1ng The Hobbit g

to the class, and thls 1nt@rru[pted' the.story 11ne for her The ” f‘
. L v
rest of the children commented that they percelved no personal

‘\

costs, and Samantha added that the 1ntervaé§ws were easy because '
they s1mp1.y reviewed what she had done 1n 'science class.

Clearly, perceptlons of costs and* 'ber;efltsyof

'R

collaborat-ion' by the teacher'and me, and- the chil'd'ren-,',s ’résponse &

to the;r part1c1pa.t10n seem to suggest that thls study Was v1ewed

in-a’ pos1t1ve way by all those 1nvolVed Mrs. L ended her fmal
:‘._’;"“éup LA « N
1nterv1ew by saymg that she would enJoy part1c1pat1ngqm ano’cfher

»

collaboratlve study However, she quallfled thls remark by statmg

that. the next t1me she would assume another attltude.

. S
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e would I do differently? Probably just relax #-bit L@
more. I think I really wouldn't do anything gon‘tly !
Whoever approaches me, "I will take that approach op the ~
'merlts I seR-there and make a decision based on, what"l think .

is in it for‘'me and what' I see is in it for the [othey] "
person. . . . [Learping’ and' studylng about thingsr] are the sorts
of thmgs I enJoy ot " . 5 ; ’

a . kY ‘ wo .

experlence of collaboretlon revea.lm some of the

( «

@ requlrements, dliemmasr llmltatlons, beneflts, and costs of this =

rﬁmdbiﬁm ’C’éfl,l‘aboratlon also exposed some opmlons ang coments_

o ? Mthat‘ pfobably would have

been used.
'whlch she s ke Our frequent meetmgs, w1111ngness to compromise,
and recognltlon of eaﬁother s knowledge 1mp11ed a comnunlty of .

learners work( pgether towards some common understandmg

' Therefore, thlS the31s cannot be clalmed or owned by one person.

L. Instead, the collaboration made thls study our study, and the channels

X

of» communlcatlon which were establlshed may open the way for fur@er

studles, sharmg, and mutual beneflts

' In the next chapter, Mrs. L's presentatlon of the Sound un1t is

' .

'documented.. The chapter begms w1th Mrs L s proposed plans for* the

. unit.': "I'h'ese. plans are followed by br1ef descr1pt1ons of the, sﬂixteen

ﬁ

1essdns, and these descr1pt1ons are 1nterspersed with comnents

by Mrs. L ’I‘hese descrlptlons and conments provide addltional insvght
&

"(\fntb Mrs. L's experlence of collaboratlon, and prov1de a background

for the chlldren's cbmnents about constructlng a*‘personal

unde}:standmg of the ueacher s sc1ence wh1ch are portrayed in

. ‘ *
Chapter Seven.

i

e



| ;o ' Chapter Six

Teacher's Presentation of the Sound Uriit Y
Y ' , .
de |
; b ~} o " . .
'I‘his chEptér begins with Mrs. L's plans. for the Sounﬁ‘unit,
& 7 ,

and then preséﬂts a chronbloglcal approach to the description of *

S sc1ence ies yas; ﬁ\ compr;sed' tms unit. 'I‘hese 1esson C
aﬂw*ﬁu i TR T b, -
descriptiO)sghré; g,nterposed ‘with comments Mrs. L made about her

n content, and the ch11dren ’I‘hese comments -

‘ prov1d‘e so,r@ jht into Mrs. L's experience of teaching science,’
: S e W l

. 'and -wogethgt.

e s ¢ ‘ff ‘* ) ‘

s a?&mst ’vth.tch -the ch11dren s ccmnents can be 1nterpreted | .

»
)
w@t élmtfal Plans and_ Perceptlons

B}

Pfoposed Ply for the Umt@und .

the lesson descriptions, provide the background

S :
?‘j ,’i *‘“ Although AddlsomWesley S'I'EI\"I Smence textbooks are '
avallable m., 'plamroom, Mrs L has chosen to btaln st of her “ -
LA S -~
1deas and ;me*of her Wdrksheets about sound from a Lt Wthh has : “ y
’ beeﬂ' develoﬁed by cerrsnltan,ts w1th1n her school system. From thls B
“ and ot}Aer resources, she has a“ssémbled a framework that revolves 'j&:' .

"'around\three main ideas: . 1) How is sound made?, 2) How does sound

L

ﬁtravel?, , and‘ 3) How 1s sound received. ThlS framework mcludes -
o A ; i #
~ideas about'music, the pl@su;s of.sound, é!*a‘udmlogy. The

teacher reasoned: o - ' . “ . .
All- the thlngs we do in science class, all the thmgs we ‘
- are ‘talk™hg about, I want them to gealize that we are looking -
]

~at one of -these three aspects of d. [I wily poss1b1y
use 'a little chart with those three concepts [oq _to keep
t gaing back to s0 [that] they know what we are tatlk about

ll {.’
Desplte the umt framework, Mrs. L reallzes that theithree quest:.ons
' 75 .~ ; , '
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overlap and that at some point she must present these three ideas

' as a whole.

i

&u a) 'H w is Sound Made" \

, \

76

Mrs. L mtends to begm with hav1ng the childpep llsten

to a nmnber of sounds from then&zer%ay life, and then having ™
them start to th)§k and wonder about the sounds. This mll

eventually lead into an exploration of ‘the conditions necessary

to make souzj

I want to lead them- through some thmklng you have to

have a force, somethlgg has to move, [and] two things have to

come together to make.something move. We will make sounds

and then we will analyze just what we did to make  that sound

and why there was a sound now and not a sound a second ago.

N J *

"I‘he teacher plans to have the chlldren use a varlety \of concrete
objects such as tumng forks, elastlcs, and sound sticks to e

demonstrate the science concepts, and to prov1de the children with

*
©a background agalnst' wh1ch new vocabulary such as the words pi‘x

and 'v1brat10n can be '1ntro?uced o 4

Some of em use that word [vibration], some of them
don't. t, I4ant everyone go. through that unit and come
out using that word. That would be ona objective. To feel
that they knew what vibration was a\d to be able td describe
it. ' . )
_— ' &
Mrs. L wlll also try' to integmte sound with other subject areas.

’I’hls gould take the form of havmg the chlldren examine and perhaps

L a musmal instrument, or researchmg a m1n1-report on SOn‘e

S

o I N
- ) o

aspect of sound. -
b) How Does Sound Travel"

Mrs. L has dlscovered that this aspect of her sound !

un1t necess1tates the mtroducndn of the concept of matter. This

1s an abstract
. . \ . .
AN R - [}

ncept and she bel’ieves, that the children ‘find(eh'is_

L]

»



to be difficult.

I don't know if I have to, but, otherwise what are we
talking about? I trPy to get this across by analogy and by
comparison [by having the childgen act things out and by
setting up simple models that the children can manipulate].
The difficulty is that [the chiidren] then {sometimes confuse
the analogy] with the tHing. For example, [I use marbles to
demonstrate moleculatr motion. The childrefl may confuse
_ Characteristics of marbles and molecules]. - When I'm talklng
about molecules I have to say, 'You can only belieye e that,
' - thigds the name we give to the smallest particles of,
. something, and, fthen you @n't have ,something, you have
nothing, and that's what we call a’vacuum. That's very hard
- for me to even conceive.

E L}

“*mé three phases of matter will be introduced and the children
Y 2 . .
will use materials such as'tuning forks, Slinkies,'tin

telephonéd, and marbles té demonstrate aspects of hov 's
R ) ‘ . u“. . '.% . ”(.ﬂ.
* travels and of energy transfer. In additidh to these classroom

1

.activities, Mrs. L plans t6 explore echoes and the speed of sound

out on the schoolvplaygrounq.

. -

c)~Aggw is Sound Received?

v

{ ‘ This question involves the examination of the human
. \ :

ear and the range of human hearing. P .

4

it 1s very early on.[that] have to talk about the ear
-@na the Tact it has a drum &d it reacts to a physical push.
And really,- sound is just all in our heads. It isn't really

_ e ":::ge.;\;t‘s really somethlng Jlggllng inside of our heads.

The children w111 also explorg machings that can record sound,

~‘the effect of $ound vibratighs, sou pollutlon. and a variety of
e T - : r
I pract1cal uses for sound.

AR . - N . *

2. Teacher\\_Past riences'of Teachi a Unit on Sound

I »

Mrs. L adnuts that even she has dlfflcult,grstanding

some concepts and ideas about sound Sane of the ts she

Te

;wonders about are the nothlngness of a vacuum. dnd. whether

2y .
o e

L

T e
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sound that travels through a railway track is amplified by the
track: . » ' - ‘ :

Mrs. L has found that she has to pay constant attention to
the time restrictions of operating within a school timetable.
These restrictions may serve to limit the amount of time children
have for a task, the teacher S level of preparedness for the
lesson,’ and the time available for speaking with each child about
his or her ideas in sc1ence.

The teacher has noticed that -it is difficult for children to .
pose and research their own qdestdons about sound. Ideally, she
would like to include more indé;endent EXploration in the unit;

but she finds that many questions require advanced skills and

+
.

science knowledge the children do not presently possess.

3. Teacher'sbprediction of Students' Learning in Sound Unit

Mrs L has dlscovered that chlldren have thelr %yn belief

.8y, tems and these stand to affect what they will believe and

understand in the Sound unlt. She wonders if believ1ng somethlng

w;nvolves hearing abodf it and then f1nd1ng it to.be true for -’

‘oneself ;§¥>Ti\ . . a4

The teacher also suspects that the use of anai!ﬁles t

teach abstract concepts stands to add.to the | RPN

misunderstahdings. She wonders'1f these abstract s demand ““E&ﬂﬂﬁiﬁ

' - o Lo

an afhost "rellglous" bellef from the c:hlldren becatge the i’ H
;‘-}_ ,.',’r i A‘ - .

. children are really belng asked to believe someth1ng t
not necessarlly see. Such terms as energy and matter seem t
‘the children with particular difficulty.

Mrs. L believes that children heed time to manipulate obfgcts ‘ ]

\’k.‘.,.
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and personalize the learning. She feels that teachers
soméf:imes rush onto 'another subject area just at the child's
critical "learning/discovery point." Further, she has observed

that children can expef,ie’nce sudden moments of understanding

when they. uriexpeétedly attach‘\ngeaning to some formerly .puzzling

goncept’. e
P A

The té;cher has found that the children's prior knowledge
e sometimes eriabies them immediately to answer some questions.
“ This resulté i her havmg to deal with a classroom of children
’ ¥ who possess & w1de range of knowledge about the subject.

'I'herefore, sgre chlldren might find the unit toebe redundant

79

©o- whil&vethérs may be ‘Dverwhelmed by the number of: new and difficuit

N *ﬁa v -
ideas. @ ' . _ ' .

The teacher uses a number of general indicators to inform

her about the level of learning the ‘children have attained. Among

’ +

these indicat;ors are (a)-.the level of Elass discussion, (b) the

‘o

children's ability to cope with the tasks, (c) the questions °

»

*

asked by the children, (d) interest and enthudiasm shown for

. éctivities, (e) the children's creativity in experimenting,

-

: (f) ebservatlons recorded in the dhr].dren s notebooks, and

\wl . "’l.,
v" . &

"~(g) §he chiidren s abn;ty "‘_ M‘Me tea;:hér s*”é;ues‘hons

. c

e

) e“general 1nd1cators 4 e fo],}bwed by 5 formal written qu1z

T,
“that is: intended to sumnarlze the umt S concepts However,

Q

«:,' Mrs L added that ) . “
Since I am dealmg with a whole class, this means that I
don't really know, except in a general sense, what learning
is taking place or how much any one 1nd1v1dua1 really

understands. )
Generally, teachegs operate uke thx,sﬁ b& orchestrate
‘;’ g ~ ) oy ..3;»8’ )
¢ ’ bk ”v i’ '

21.,‘\? . v
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' ¥
approved 1earhing experlenqes trusting that‘somethinq useful
" +is taking place whether it's the intended cdntent learning,
socialization, or the gainlni of experience with materials.

B. Introduction to the Sound UnitLLessons

-

}The follog}ng .sections describe the sixteen 1essons presented

' :
in the Sound unit, and put forward the teacher's comments about

these lessons [see Appendix H for Time Schedule]. Mrs. L speaks

“about the challenges of presenting activity science and sometimes

of the frustration she feels about time restrictions and content
matter. Following some iessons; there are no.specific teacher
corments. This is not to suggest'that Mrs. L hadlno'bbservations
about the lesson, but rather that other responsibiliries_such as
parent-teacher interviews, and the Christmas Concertlwere impinginé
on the time she needed for re%lectioni

.The first lesspn begins with an introduction t¢ the Sound .
unit. In this lesson, Mrs. L has the ohildren listen to a number
of sounds, and then discuss how thesenspunds were'made. She also
outlines the unit framework and allows the children time to make

their own soqnds using a piece of paper;

’

C. Lesson Descr1pt10ns and Teacher Ccnnpnts

»

1. Introduction to Sound Unit: 9:00 - 10:15 a.m.,

‘o "f. TR 0: K'l 27; 1'951 ¥ : . ; : .. ) : _(\/

.u}%’f ; : :
’ '[Samantha is absent from this class due to cello lessons;
. she is, however, still able to take part in the subsequent
- interview. ] %

The teacher béglns by hav1ng several children present ,
mystery sounds for the'class to guess. They have brought
objects from hame such as a watch, hair dryer, toy
helicopter, and musical instrument, and, while cohcealed
from the class, they make.sounds using these objects.

Then, Mrs..b.demonstrates ten of her own mystery
sounds and the children record théir guesses on a
worksheet . [Identlfylng Sounds]

-
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o Next, the t cher ' tells the children to thdnk about and ~?*’T
«.record their/ideas about how each of the'sounds were made. .
-This takes #bout seven minutes, and’ theh these idead. ake -
" discussed by. the entire class. v During thﬁs discussion the$c e R
ﬁ ‘children' escribe the actions used to make.the- sounds and:, the i
( ‘teacher gfiides them to neralize about how«eound is made. i
'Chrlsta volunteers that - you have to dogsome kind of. movement
: your hands to make sound and- Bob states tpat youocan ud!'
’your hahds to make a'soumd. . .. R
L. The ch1ldren'are then given a plece of paper on whieh —c
“they write the word.:'sound'.and the’ teacher asks ‘thém .to .- =~
-invent as many ways-‘possible to make sound with the paper
.- .The children try: blowing on the paper; crinkllng ity
" twisting; ‘biting; hopping on. it; shaking it; makinga
~ megaphone and yelling through-#t; punching it; rlpping it D
and kicking. ' The>class concludes with the children sharing f;ff“f
“their ideas. about maklng sound -with ‘the paper and the' % .. Ty
.~ teacher emph iz1ng that  the children had to. do something to
the paper to mak ~a sound ' . &_

a.

o Mrs. L felt that althouglpthe chlldren enJoyed the activitles,
: and 1nvented an 1mpre581ve number of ways to make sound ‘with” paper, <
they seemed puzzled about why she kept asking how ‘the sounds were |
‘made. . She wondered 1f the questlon seemed obv1ous to the children
and whether they were really puzzled about her\asklng what appeared
to be such a-trivial quest1on

], 2. How is . Sound Made’ l 15 —\2 15 p m., quember 9, 1987

[The teacher has been absent for ‘the 1ast 1% weeks due to her/ -
illness. Christa misses this science lesson because of her -
involvement in the Academic. Challenge program.] , A .
.. Mrs. L beg1ns by hav1ng the children recall the October
27th lesson. ‘Samantha wolunteers that sound is caused by
~sound waves and Bob adds that ‘paper can make sounds if you
. crumple, ‘rip, or stomp on it. The teacher sumgarizes“this by
remlnding the: ch11dren that somethlng has to be done before
sound can be made.. " °
Next, the teacher takes a plast1c cup and drops it on a
"table - She calls this a sound - system and the chlldren name
;the components_ of the system.- cup, table,-and hand. T
Victoria volunteers to put an elastic. band around the
teacher's cup and then she flicks the elastic band with her )
flnger. ‘The children. identify the components of this new .
system - cup, elastic, and hand. g
l Two worksheets [Sound Producer Systems; What Causes -
Sound°] are dlstr1buted and the children are asked to invent
their own sound systems using. elastic bands, cards, wood*‘

."@



\
'S’fsticks, cups, pins, and boxes.“ { A
S Approximately eight’ minutes later, six of the children;
e Are. given the-opportunity. to: :share and .demonstrate-their -
... "sound system ideas. Then, fer the next seven minutes, the
" remaining children exchAnge ideas and complete their -
onrksheets. ‘ R :
o ‘During the last: séven minutes of the.class, several a
_‘children readaa10ud from- their wo! 4sheets while the teacher
.emphasizes that you have,‘to do something to make &z sound.
_-Mrs. L calld this 'doing’ a, forcé and uses the- .examples®
“'“hitting, striking, and dropping/to illustrate wiat ‘she medns
by this térm. Gordon identifids his hand as: something that'
. ..can,causé a force and another/bhlld talks about the force of
- a stick hltting'é drum. f S ‘ T g :

7The teacher found thls lesson to be very tlrlng to +each

/\

[

"because of‘her recent 111ness / We agreed that act1v1ty sc1enee f '

*ﬁ‘required a h1gh output of rnefgy ' ,_’S L ques¥i°ﬂed

/Ynether the chlldren had re 11y undeistood what she had meant by
'force’. - o S N
‘Mrs. L decides to réilude more s01ence classes in the

~timetable in an attemqﬁ to make up for t1me 1ost to illness.

, Therefore, a lesson rs scheduled for tomorrow whlch w1Il expand

! \\

‘\the chlldren s knAyledge,of movement, force, and sound.

Vibratlo s: 9:00 g 10'15 a. m.,'November 10,‘1987

[Tunlng foé&s, hockey pucks, and pans of water are on the
.table at the back of the classroom.] R U
The /class. beglns with the chlldren recalllng the
'concept? introduced in.the previous lesson. When Mrs. L asks
- for sameone to define forcé Victoria answers that it "is ’
sometning trylng to- get something together P Vi
Then, Mrs. L takes a tuning fork and trikes it agalnst
a hoékey puck. ' ‘She holds the tuning fork 1ose to some of
the/children. Bob observes that he can see the tuning fork
. wiggle and other children talk about. the ;vement and ’
-.~.vibration. -
o/ Next, -the chlldren gather around the pans of water on
' /the back table. Mrs. L. strikes the tuning fork against the
,fz/,puck and ‘lowers' the prongs into the water. The children |
" observe the ‘splashes and are 1mpressed with the -
/. demonstration. Gordon explains that v1brat10ns make the
e ‘lines on the surface of the water.
A Tﬁe chlldren return to thelr desks and tunlng forks and




" hockeyfbucks are distributed. " For the next 13 minutes, the
children strike their forks on their pucks and then touch the
“forks-to varidus, objects i:n the room,

, Finally, the children return ‘to' their desks and during a
class discussion are ahle to tell the teacher that when they -

. struck their tuning forks'they.observed wiggling and buzzing.
They also use the term vibration and under the teacher's
guidance' they -are able tor recognize, that-this vibration is
very fast. The children end the class by completing'a
worksheet. - [Sound Seqtion A: Student Sheet 4 - Feel Thoge
VIbES] '. . ¥ . R .

. Mrs. L commented ‘that she is still uncomfortable with my-

presence in thibclassroom' She was very aware tha@ the lessons

were belng recorded and obserVed and that usually she
1ncorporated more humor into her lessons.- - R

\ 8 ;he foLlow1ng iesson builds upon the 1deas of movement, force,
\uand v1brat10n, and Mrs. L uses these 1deas to 1ntroduce and explain

“the phenomenon of ampllflcation. o '

| 4. Maklng Sounds Louder. 9 06 ~.10: 15 a. m . November 12 1987

[Materlals such, as elastlc bands, styrofoam cups, tuning }
" forks; hockey pucks, and paper clips are 51tt1ng on a back

table.]

"~ The teacher. beglns by reviewing the framework of the

Sound unit. She emphasizes that & force in the form of some

action is necessary to produce sound. The children ‘recall

and discuss various discoveries they have already made with
‘their tuning forks, and Mrs. L tells them that the numbers
_Wwritten on the tuning forks refer to the number of times a

tuning fork vibrates in one second. The teacher summarizes
. by writing the word vibration on the chalkboard and stating

that vibration.is. needed to produce sound. ‘

L Next, Mrs. L demonstrates playing a cello and the
-children observe that the strings of the 1nstrument are
v1brat1ng. ‘

- The teacher tells the . children that. today they will .
learn how to make sounds louder and the class provides some il -
examples of tHings which are known to produce loud and soft I
sounds. Then, Mrs. L holds an elastic and the children
suggest how she can make a loud twanging noise by plucking
the elastic. - They-discover that a louder.sound happens if
' the elastic is pulled further back before it is released.

The teacher states that the louder-sound is a result of
. putting more force into the pull.
Mrs. L then t takes a styrofoam cup and the chlldren




suggest how this cup can be used to make the elastic sound g
~ louder: - The teacher attaches the elastic to the cip and a-
child plucks the elastic: The sound is louder. . The chi&dren
provide some tentative explanations about why the sound-is
. louder and then materials rom-the back table are
distributed.. Mrs. L tells the children to try out some of
_their ideas and record their observations on thé worksheet.
(Hgw Can You Make Sound Louder?

* After several minutes of ihdependent exploration, the.
children discuss the observations they recorded on their
‘worksheets. About 2/3 of the class indicate that they made
the elagtic sound louder and the teacher tells them that the
word amplify means to make sound louder. They then discuss -
the role of the cup in ampllficatlon and the children give a
variety of answers.  One child mentions that the elastic and
the cup are both- able to vibrate. The childreh conclude that
the ‘two ways -they used ke sound louder were to add ‘the

styrofoam cup to the id system and to pull the elastic:

- band further back. -Phe children further hypothesize about
C -the role of the cup and the teacher guides them to the idea.

~ that the shape of the cup rects the sound and makes it '

v louder. ‘ '
. Next, Mrs. L takes a tunlng fork and the children
suggest various objects“in the classroom she uld touch
with the tuning fork to test for amplification. "Mrs. L tries
their suggestions and Christa reasons that the cello
~\amplified the sound of the tuning fork because it is hollow,

5

th&\cello, could be vibrating and th% teacher adds. that ‘the-
surface of the cello is also vibrating.

the children refer to a second worksheet
\Machines that Amplify Sound] They discuss
such machines as sadios, stereos, and microphones and then use
the remaining 15 mMutes of the class to finish the .
worksheets and spend Xree time in furtheqinanlpulatlon of the

[Worksheet #3:

tunlng forks
Mrs. L thought that the time spent rev1ew1ng concepts from .
the prev1ous lesson was too 1 ,gthy, and she st111 felt nervous

about having her lessons observed and recorded.

————

Her reading of the chlldren s 1nterv1ew transcripts had
‘1nd1cated that ‘the ch11dren experlenced difficulty def1n1ng the
~ word force. Therefore, today shé purposely empha51zed how the
word was used in. the context of the un1t
. In the next scfence class, Mrs. L,beglhs.the‘first'1esson

¢

d 'there could have been echoing.' Another child says that
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' which addresses the question:‘ How does sound travel?._ The concepts

‘$

and 1deas needed to ekplain,this phenomenop are abstract and - "
.challenglng, and Mrs. L anticipates the children Will experience

dlfflculty. ; _— - I e | N &%'

5; ,How Does Sound Travel’- 1: 20 - 23 15 p.m., November 13, 1987

- [A box of marbles sits on the back table and  metal. cu{tain‘ 1,
.rods are scattered about on the floor.} - - _ h
The. teacher begins the lesson by ask1ng the children to

1lsten for quiet sounds. ‘The 'children name a few quiet

sounds 'and the teacher observes that although she can see -
bushes and trees moving in the wind out in the schoolyard,

- she is ynable to hear them. Mrs. L then tells the children -

" that today they will be looking at how sound travels. . |
Mrs. L tells the children that the phenomenon of sound
travelllng *is hard to show to people and that she will only

be able to show what the travelling is like. Samantha

. immediately volunteers bpat sound waves are involved here but

" other children find this term to be puzzling? -

* Mrs. L.tells the children that marbles and Slinkies will
be used to show how sound travels. -She begins by telling the
children that there is a name given to small bits of matter
that; are so small they cannot be seen. ‘THe'children make
various guesses such as nucleus and microscopic and soon one
child suggests the word molecules. About half of the
children in the class 1nd1cate they have heard this word -
before. The children then wave their hands through the air-
and the teacher ‘tells them that although they can't see.
anything in the air, there is still something .there.

' Five girls are selected to come to the front of the
Classroom and stand in a row. ‘Mrs. L 'names these girls
'molecules' and has them stand at various distances from one

_ another 'to ‘simulate gases, liquids, and soMds. Then, Mrs. L
pushes the first girls in the. line and this push is passed on
to the end of the 11ne The teacher tries several more
physical pushes and also has a student snap his fingers and
send a 'push’ through the girls. Mrs. L explains that this.

'pushlng is what is meant by a sound wave and that it is
important to observe that the molecules are not moving but
rather it is the push that is travelllng though the
molecules. _—

The teacher then takes a Sllnky and the children-move ‘
around a table to observe the action. On€ child holds an end -

of the Slinky and the teacher squeezes the coils and sends a
vibration through the spring.. The children make various
observatlons and the teacher. sumarizes that the push or
squeeze is passed along and that this is like a sound wave.

She adds that there are many klnds of waves and a sound wave
is a compression wave.
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Next, ‘the children gather around ‘the teacher who is now
crouched by one of the metal curtain rods in thé middle of
which is'a -of 12 marbles. The teacher rolls another
marble toward” the marble row. She tells the children to .
watch how the force goes through the marbles and they gbserve -

' that one marble rolls off the other end of the marble row.
Then, the teacher rolls various numbers of marbles toward the
marble row and the children make predictions about how many
marbles ill roll away from the marble row. The teacher asks

" why the Sime number of marbles rolls off the end as are
rolled towards the row and Christa replies that there is*
'‘more force with three marbles than with one.' ' Another child

reasons that 'it is like the same marbles come out again.' '

Next, Mrs. L comments that from a distance, she is
“unable 'to hear people snap their fingers. The children.

' suggest various explanations and one child reasons that it is
Because'the 'molecules can't push that.far.' The teache
concludet” tHat molecules lose a bit of. enerqy each time they ¢
pds on a force and she demonstrates this by spreading the
.row of marbles 8o that they are about 1 cm apart and then
once agadn rolling a marble towards the row. This time, no
marbled“foll away from the row and Mrs. L states 'that's why
sound only goes so far.'

Finally, the children spend the last 15 minutes of the
class manipulating the curta1n rods, marbles, and Slinkies.

Mrs. L was aware that»she presented a 1arge-number of new and
‘complex words. However, she had no expectation that the children .
would come”away“from;the”lesson“being”able to'deflnekthe‘new
‘vocabulary. .Rather, her rationale for preSenting this vocabulary
- was b;ishow the childrenran appropriate situation in which the words
lcould be used and to provide:an initial intrcduction to wprds that
would be needed in subsequent lessons. Mrs L felt, however, that'“.

these same act1v1t1es could be presented with the new vocabulary
omitted: ‘ o : . : | -

.The teacher used a number of»analogies to present the idea of
travelling sound waves. Her past-experience‘Vith teaching this nn;t
had taught her that chlldren experlenced d1ff1culty W1th analogies
and’ she felt uncomfortable dlscu551ng such abstract concepts ‘with

a grade four class, She doubted whether such.young children were-

A
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able to understand these concepts about sound and she belicved that -

the shildreh had probably fecussed on the action of the Slinky and
marbles and not necessarily on the analogy she was hoping to make.
"Through reading the children's interview transcripts and
partfbipating in such an intense examination of‘her'classroom,
Mrs. L began to question the inclusion of this lesson s concepts
in the. -elementary curriculum and wondered if she would even retain
this lesson in her future unit plans. Also, her reading of the
.transcripts heightened her concern about the pace of the lessone.
She felt that the chilgréh had inadequate time to make sense of
the science and that the new vocabulary and concepts were simply

-
'comlng too quickly.' :
k|

Despite her reservations 3bout the ®abstract quality and pacing

of the lesson, she felt that the children had enjoyed manipulating

the mate ials, and had enjoyed the lack of written work.

~In the next lesson, Mrs. presents the procees of human

hearing ‘and refers to such. ideas molecules, energy, matter,

and force to describe how this process also involves sound
travelling. o ;

o

6. How Do We Hear?: 9:00 - 10: 15 ‘a%m., November 17, 1987

[A plastic model of an ear sits on a table and.on the
_blackboard are the following words: How Do We Hear?, outer
éarr\ear\grgz, three bones,’ héaring organ, cochlea, small

hairs wit rve endings, nerves to brain, and brain
understands sound messages. ] ’

The teacher begins by announcing that today's lesson
will be on 'How Do We Hear?. She tells the children that to
understand hearing, they must first understand how sound
travels. Mrs. L briefly reviews how force is required-to
cause vibrations which then travel. through matter in the’ form
of sound waves.

‘ Next, Mrs. L selects a group of boys who move to the
front of the room and form a lengthy line. The teacher

L4
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_ pushes the first boy in the line and the push is passed
" througlY to the last boy who puts his hand in the model ear.
Mrs. L tells the children that the:push passes through
‘matter, which they have previously referred to as being
composed -of molecules. ' Bob then volunteers that a push is:
being passed along through the line of boys. The teacher
emphasiZes that she has to use work to life her arm to push
and that the harder the push, the more energy she has to use.
..gne child volunteers that the 'pushing molecules' get the -
ynd over to the other people in the line. Mrs. L repea s
W at there 18 energy in the push and that sound is a push»‘ -

Then the children gather around t
sits the model of the ear. The tea es the
various parts of the outer and inner o the sound .. —
pushes on the"ear drum.: She has several .
tambourine she is holding to show how sound hits‘the ear d
and causes vibration. Then she tells the children that there
must be air on either side of the ear drum for it to vibrate
and air is allowed into the inner ear through a tube found in
the back of the throat. She continues that from the ear drum
the vibrations pass to a set of small bones which make the
sound louder and then the sound is passed to the cochlea. . At
this point, Mrs. L' pauses, reviews these concepts, and adds
that the cochlea passes the physical push of the sound waves
to tiny hairs which are connected to nerves which pass a
neryeus message to the brain.

Next, the children tell various stories of ear aches and
infections and the teacher relates some first aid information
about ears. Bob comments that he believes the explanation of
hearing that the teacher gave but he is amazed that it all
happens so fast.

The children go back to their desks and the teather
hands out -a worksheet [How the Ear Works: A Sound Receiver
System]. The children work on this worksheet and also
construct large ears from purple construction paper that they
will wear to test for their amplifying effect.

Ten minutes before the cla ends the teacher asks the
children to put on their purple ears and to listen as she.
bangs together some finger cymbals. She walks over to
several groups of children and again bangs the cymbals.

As the class draws to a close, the teacher calls for the
children's attention and reviews how sound travels and how we
hear. She emphasizes that you need samething to pass the

- push, and that energy needs to be passed along.

The teacher noted that the children seemed confused about how
- sound travels -and, specifically, about what was pushed along and
the nature of the mét'erial through which the push travelled. Mrs. L

thought ‘that until she presents a lesson,'iabout sound travelling
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through solids and liquids, the chiMren will probably be left with

the impression that sound only travels through air,
[} " ' ' i
. Mrs. L &lso wondered if the children were able to conceive -
of hearing as being linked with a physical push. She commented:
. ‘ ¢

It really is hard to conceive that 'hearing' is a ¢

physical force causing a chemical-nervous experience in our

brain. T can only think about that so long myself. [Bob)

commented on how fast it all happens. . . . Again, that's
ere any demonstration.such as the Slinky wave, marbles,
ids in line, etc., still continues to puzzle, not to answer

or clarify. ,

The teacher also noted that her explanation of tubes in ears

’ - F * .
seemed confusing to the children. '

I talked about ti tube from the inside of the dar to

the throat but standing there beside a partial ‘model - which

does not shgw mouth or tongue of course - I had a disti,ct‘

impression-tfrom their faces and questions that they caqfot

visualize this anatomical set up. *

Mrs. L concluded that the model of the ear helped to clarify her
explanation but she felt she took too much time to present
the information.! . »

«Mrs.}L noticed that for many children, the hearing test with
the purple ears did not seem clear. However, one positive aspect
of the lesson was that she felt less aware of my presence and she
reasoned that she must be getting used to being 'on display.'

The next lesson involves viewing a film which centains a
number of demonstrations and concepts aboﬁt sound. Some of the
demonstrations repeat ideas from previous classes (e.gq., Slinky
demonstration), while others are intgnded to extend the children's

kncwledgé,'or act as precursors to future teacher demonstrations

and class activities.

-89
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7. Filp: Dearning About-Sound: 1:30 - 2115 p.m., November
19, 1987 . ., ®

‘Mrs '." L 1ntroduce§ the film by telling the children that the

film will demonstrate how sound travels through different
materials. She identifies solids as one form of patter and
Christa volunteers that the two other forms of maltter are
gases and liquids. :

\ Then, the class views the film which contains the
following demonstrations and concepts: 1) a tuning fork
causing vibrations and how vibrations travel; 2) a glass jar
is filled with smoke for the purpose of letting us see that
it contains air, a ringing bell. is suspended in the jar and
slowly air is withdrawn by an electrical pump, sooh the
ringing ot be heard; 3)  Slinky demonstration; 4)
defining frequency as the number of vibrations in a second;

' 5) amplitude; 6) a railway track in a desert .area.and two

boys are standing beside the track ‘about 300 m away fram each
other, first; one boy strikes.the track with a hammer while
the other listens with a stethogcope, then, one poy fires a
gun while the other boy observes the delay of sound, the narrator
concludes that sound travels through solid objects, and in- >
steel sound travels 10 times faster than in air; 7) a diver
ringing a bell under water; 8) hearing aids; 9)'a dog whistle

is blown which is inaudible to humans; 10) a cello is played
and waves appear on an oscilloscope screen; 11) metal and
plastic garbage cans are put on a“driveway and the narratQr
comments on the noise pollution associated with various
materials used to construct garbage cans; and 12) noise -
pollution is reduced by motorcycle mufflers.

After the film, the class reviews the contents of the
film. Christa comments that light travels faster then sound
and this was proven by the boys hammering on the railway
track. The discussion continues for about 10 minutes longer
and then the teacher asks the children to write down several
sound questions about which they are now wondering. Several
children immediately offer to the class their ideas for °
questions and Christa volunteers that one of her questions is
'How came there has tb be a vibration or movement to make
sound?.' : IS ' -
The children spend the remainder of the science class

- recording questions in their science binders. [see

~Appendix I] \

Mrs. L thought that the children probably focussed more on

what they saw in tHe film rather than the explanations they

heard to support these observations. Although she believed that

the vocabulary level was too high, the film did repeat some of



the concepts already explored during previous. science lessons -and

she commented that these seemed prominen; in the film, and even

aided her own understanding of sound. -

The teacher also had several written comments which stemmed
from reading both the children's transcripts, and my written
records of previous science lessons. She wrote:

I was struck by your observations that the time given for the
children's activities in the science lessons you have seen
.is so short. Since that is clearly the part they value most
(from their comments) it is an important issue for me to
address. I have to ask myself - why do I think I must give
such lengthy demonstrations and explanations? What would'
happen if I left a lot of that out and provided longer time
with real materials?

My presence in the classroom also heightened the teacher's

awareness of such issues as her classroom management and student

]

discipline and how they might stand to affect childreﬁus learning

in science.

I have been wondering about the subtle (and unsubtle)

effects of discipline, Classroom management, climate, and the
general state of the children on their learning of science.

I would think these factors would in fact have important
influences on the success climate for thinking more
creatively in class. Also, [discipline and classroom
management] affect the length of time [the children] can
concentrate purposefully.

In the following lesson, Mrs. L expands upon the concepts
of the speed of sound and the speed of light which were presented
in the film. She also includes.an echo activity to emphasize the

speed of sound, and how sound travels

8. Echoes and the Speed of Sound: 1:15 - 2:15 p.m.,
November 20, 1987 '

[Prior to the commencement of the class, Mrs. L locates
some rhythm sticks and two 70 am lengths of wood two by
four boards. ] ,
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Mrs. L begins the lesson by telling the children that
today's class will be about echoés. Christa offers that
echoes can ound in the gym and other children suggest
alternative locations. The children discuss what an echo is - 2’
and some ‘of the conditions they think. are necessary for an
echo to occur. The teacher then informs the class that they
will be going outside to find some echoes. They will also be
striking the two by fours together and listening for sounds
much the same as the two boys near the railway track were
doing in the film they viewed in yesterday's class.

The children move outside onto the playground while
Christa and Samantha check the interior of the gynt for
echoes .

Gordon is chosen to take the two by fours and jog'out to'!
the far reaches of the playground. While Gordon is still
running out into the field, the remaining children stand
right next to the gym wall and a few of the children strike
some rhythm sticks together. The children 1listen but cannot
hear an echo. Just then, Christa and Samantha come running
out of the school and report that they could not find any
echoes inside the gym and perhaps it was because the gym was
full of people.

Then, the children caunt off ten paces from the gym wall
and once again the rhythm sticks are struck together. This
time ‘the children hear an echo but report that the sound
seems.to be coming from several directions including from the
houses and buildings which surround tWg schoolyard. They
repeat this exercise three more times and‘then the teacher
sends two boys, ¢ne of which is Bob, out into the field to
Gordon to tell him to strike the two by fours:together.

The boys run across the field and deliver the message to
Gordon who is just visible at the furthest end of the
playground. The children observe Gerdon hitting t:ogether the
two by fours and .about two seconds later they hear the sound
of the hit. Both Gordon and Bob take turns hitting the two
by fours.

Next, the children return to the classroom and hey
review their playground activities during a teacher—dlrected
‘discussion. Mrs. L uses a chalkboard diagram to illustrate
echoes rebounding from the gym wall and Victoria comments
that 'When they hit the blocks, two seconds later we could
hear the nojse.'

The class concludes with a brief discussion about
animals which use echoes and about how people use echoes in
such devices as the Sonar used on fishing boats.

Mrs. L thought the chil&ren were very interested in the activity
. especially when they were able to observe Gordon striking the. two -
by fours together.

We were all intrigued to see for ourselves the time lag between
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, [the speed of 1ight] and fthe speed of sound) the boys
went to the far end of the field and clapped théjboards
together. It would be interesting to use binoculars and
see if we could time an increased length of interval if a

px-q%pdent went even further away - (maybe I would do this with
students at a higher grade level). o

Y

The teacher also commented on how the students reacted to

going outside for a science class. '

' . -~
I haveftaken classes out to find echoes there for the v
last fpur years but this ¢lass wins the prize for giddiness.
It isso important to be quiet and listen in this activity.
They could scarcely have noticed much about echoes. This
is an activity more successfully done by oneself or with a-
partner - I might try sending them olit by themselves, or two
or three at a time.

Mrs. L q1§o wondered whether the children had understood the
§

]
echo activity and the explanation behind what they observed.
\, i
\ &
One of her Arademic Challenge Gtudents did offer an explanation
during the class disfussion but she had her doubts about the »

comprehension level/of the rest of the students.

uld explain why we don't hear echoes close
wall but could, [hear echoes] further out. I
would ljke to know if he just thought of that or where he got
the ideqd. I wonder if the class as a whole realized wvhat we
were doing out there. 5 .
Two days after this lesson, Mrs. L spent time writing about
the different factors which she thought influenced the teaching
and learning of science in elementary schools, and in her
Classroom. She began by listing positive factors such as (a) the
inservice program-offered by her school system, (b) the many science
—
Centers available in the area, (c) the interest shown by the
parents of her students, and (d) her own science background.’ She
did, however, recognize that in some classrooms science is taught

Sporadically, and she wrote about the challenges teachers face

23



o 1s the phy51ca1 arrangement.pf the classroom

~

i

sc1ence in elementary schools

program as being excellent and valuable, she admlts that 75

trying to present an act1v1ty scienbe ﬂtogram

First, although Mrsh L describes the sc1ence inserv1ce

-

attendance at inserv1ces does exact a toll. =
| Teachers pay a price in fatigue and stress to make 1tyto
any inservice after-school, but _they keep returning to the
- science ones because - they know they will be h1gh quality,
. interesting, and practlcal. S '

%“ v Another challenge to an act1v1ty sc1ence program 1nvolves

’1fthe financ1al support whlch must be supplied in order to h

'Tpurchase materials for the program If thls support 1s not

”*’fdgthcoming, supplles w1ll be 11m1ted and this can add to. the

' teacher s streSS and responsxblllties.v

l

[Supplles and resourCes] are probably the largest problan
for teachers - finding some useful prlnted resources,; getting
together kits, and carrying stuff in and out of the class for
~the activities. It takes time to find and gather stuff -
“some of which ‘can't be stored together so that it is ready

~and may have to track 1tems down 1n other Classes or clean

!‘A th1rd factor Whlch can 1nfluence an act1v1ty sc1ence prdé?an

\ ", . 3
. X B g

l_TEaching act1v1ty sc1ence is eas1er 1f the classroom has
dinks," windows. to grow plants by, low counter’s, shelving and
- storage Flat-topped. desks. and separate. chairs make it ’
- ‘easier to do activities and alter desk arranoements for
"different purposes., : S

“Timetabling and spec1al school act1v1t1es can also 1nfluence

Act1v1ty science requires extra time aqd planning for
. getting materials out ‘and doing the required clean-up
~afterwards. So often we have ‘the recess or morning time- that
- we have set aside in our' minds for- preparation time, taken up
~_w1th disc1p11ne issues, phone calls, parents, or talking to
" other teachers or adminstration.. . . - :
we expect to have [timetabllng] 1nterruptions 1n

94"
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for next time. ‘Also, ‘teachers share resources and wequipment . .



. €lementary schools. ‘This makes. 4t hard to be alwayé ready
for science. I find I just go ahead anyway, in a less ready
State,: e i

".. Science Classes tHat I manage to be well organized for
- go so much better,  This extra preparation time and clean-up
time requires more energy and may be the major reason why
some teachers don't keep up alconSistehtkactiVity'SCienCelw
program. - e . : o
o I think schools have too busy programs these days. Time
lost on all the extra ‘events cuts into basic teaching time, -
I also think it keeps the children unnecessarily stirred up.
Their environment is too exciting. It affects theik
concentration and requires increased effort on my part to
" keep them calm. SR Co e :
Several of my students put in huge long days from before
'8:00 a.m. to about 6¢00 p.m. at. the after school care
~program. - It's a wonder they have the energy to think a -
Epraight_thOught‘abqut anything, including science class. -

| J'Librafy resources are needéd‘for both the teacher and 3 ///

children to refer to when exploring science topics. Some ideas //
‘ ‘ 1 Sxploring : > ideas /o
4

for science activities can be supplied by chér.staff-memberSV/

e

however,

teachers are really busy. They also are sometimes
.+ territorial about'the units they teach or the specifl

" supplies used to present:an interesting unit. There really
has to-be a lot of sharing, helping, and ‘cooperat ng to help
make science teaching successful across the .gradés in a

school. - LT .

Mrs. L concluded ﬁhat in recent years shé ob'érved;greater'-.,.

| pressUre.oh'tEaCHers who ‘must téagh‘children,'w rk within a

- Not ‘only have hudget cuts caused incredsed class sizes, -

- reduced aid time, and resulted in, less méney-for supplies,
but-at the very same time teachers are under increasing

_ pressure to be responsible for more and more.. The paperwork.
stuffed in our mailboxes is drowning us. - The public have
high ‘expectations and quickly complain when they think
standards are slipping. - Teachers who love their job and try
to cope with the extras are feeling exhausted, and '

) o . ) e e .. R
school system, and yet be responsive to_SOf;ipy's demands. ‘ : ¥

_frustrated. - .

Inlthe‘nexﬁvSoﬁnd.lesésn,'Mrs. L again explores the - o

~ -
v



) question, 'How does sound travel° ' ~ She has the chlldren partic1pate _
"‘\tneactivities involving tin can telephones, and a rubber hose, and’

these activities are. 1ntended to show that sound travels better

. ‘\
+

through solids than air

9, ch Does Sound Travel?: 9:00 - 10:15 a.m., November 24, -

1987 o ‘ , R

[Gordon is absent for this class ] A rubber garden
hose trails across the floor of the classroom and out into
the hallway. Tin can. telephones and plastlc funnels are on
the back table.
Mrs. L has.written several phrases on- the chalkboard-
~ What Causes sound?,. How is:sound produced'> How does sound -
N travel’ 'How. do we hear sound’ .How . is ;sound received° How

+ do you make a tin can telephone work best° Whad;\happens'>
» .~ and What do you £ind ‘out. about sound from the t1n .can -
telephone?

The class beg1ns w1th a student ask1ng the teacher about\
the {furpose of the rubber hose. Mrs. L turns ‘tHe:: questlons =
back to the children and they provide a varlety*of
suggestions. One suggestion entails using*“hbﬂ
to another person and ‘about half of the .childré
that ‘they have tried this on other occasion
guides the children to think about why'a funn d: he
them talk ‘through a hose and then two boys are".hpsen to
demonstrate the apparatus. The boys have,difflculty hearlng
one another through the hose even though they yell quite .

, loudly, and other children suggest that there mlght ‘be: kanS

- in the hose, that the hose might ‘be too long, or that: the ’

xsound is -impaired because. the hose bends around a corner.
»'Next, the chlldren talk about the tin can telephone and

* the. teacher refers to the phrases she has wr1tten on the
blackboard. :

. Then the: children s olit 1nto groups, spread throughout
. the school's hallways, and try out the telephones-and t

+ hose.  Mrs. L and: I c1rculate through the halls and try

. spend some time with each group. -

: After‘@bout half an hour, the chlldren come back to the
‘classroom and ‘the ‘teacher initiates a class discussion.
Several ‘children report that they: experlenced=d1fficu1ty with

. hearing through both the hose and: 'the telephone and other -

. children offer solutions to their’ problems - The children =
conclude that their - ‘eéxperience with the tin can telephone
supports the idea that sound travels better through solids

. than gases, and the hose 1s an example of. sound travelllng
- through air. =
.. . The -children suggést same ,ggther variables they would
N llke to manlpulate on the tin can telephone -and they conclude




*‘?%ff?*“““’*burihé‘réCESs}'Saménthaféﬁafoétbfia'
telephone and go out to the pPlayground to try to discover the ‘
- effect of string thickness on the transmission of sound.

‘with the tin can telephone. (see Appendix J

" the class with writing a'paragraph»ébout thgir experience
take a b can

Mrs. L noticed that the groups of children were in need of

further assistance when they_were working wi;h their métérials'

in the hallways. -She wrote: S

The groups had several minutes head start to find out on

. their own about transmitting sounds along the string of
the tin can telephone. When I went on my rounds, I found
that few had figured out on their own that the string had to
be pilled very tight. In'fact, at least one set of girls

'.\[and‘anothér of boys] were sitting on the floor shouting into

théir cans while

‘the string was.looped in loose circles on .
R ” -

" the floor! . :

I found that when I g've the groUpS'afbit of coaching

- about how to hold the cans |and string, and showed them a few

. these technical: problems

- ideas about plucking, scraping, or banging coat  hangers on
the string they. had something to set off their own ideas. I
Seemed to arrive just in time to allay frustration. Once

re sorted out, their experimenting

took moré creative turns. | L . ,
- The Hose set-up seemed not to work as well as hoped for.
Some thought they had it working well, after some trials so
perhaps it took a bit of experience or adjustment.

In this lesson, Mrs. Lyihcreased the_time'the children had

for the actual manipulation of the objects, but she was still

s

[‘canerned that the children were only:just beginning to ‘explore.

Again - it is time that is the big factor here. The

~class would find out more and think of more things to try
with the cans and string.if left.indefinitely - to let the
activity come to a natural close.‘ However, as usual, we "
closed down the activity while several were just coming up-
with their best yet ideas. I am sure they must be feeling

;'frustfated!n

. Mrs. L was also concerned about the noiseilével of the .

S

'achivitiés),éépétially sinéé'thé children were‘working'in the

school's hallways.  She recognized that other classrooms in the

L

school might stand to be disturbed by the activity outside their

97
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classroom doors. e e
In the following‘lesson, Mrs.. L explores how sound travels k

through solids; liquids,tand-gaSes. The. children participate

in some teacher-directed activities, and Mrsﬁ‘L performs some

Co T

related demonstrations. ‘ gh;ﬁ'

. wm, - )
10. How Does Sound Travel?: 9:00 - 10:15 a.m., November 26,
1987 -

- [On the floor of- the classroom are: two dry cells, and a
bicycle pump attached to a stoppered jar within which is
suspended a bell connected to the dry cells.. ‘On the

' . chalkboard are thé following statements' “How does sound ,

‘travel?, and Does sound travel better through other materials

‘than air?.]"
" - The class begins w1th the teacher telllng the children
to take out their science binders. Victoria commences to

record written notes which she entitles: Interview,Notes.

- Gordon arrives late and misses the’ f1rst threevmln tes of the

science class. v ‘3

‘Then, the ‘teacher tells the children that todayﬁﬂ lesson
will involve an investigation of how sound travals, ,ﬁhb
reminds them of the activities they did in the"preV1ous class
and then she chooses a boy to assist her in a demonstration.
Mrs. L taps on' a desk as the boy llstens with his head above,
and then on, the desk. The boy compares the two sounds and
declares that he can hear the sound louder when h1s ear is on
the desk.
.-~ Next, Mrs. L has all the children 1ndependent1y try this
demonstration and then she calls for their attention. The
‘children are unanimous that the sound was louder when their
ears were on the desk and the teacher records their
conclusion on the chalkboard.

. The children then d1v1de into groups -and. carry ‘out
various investlgatlons 1nvolv1ng. tapplng tables in the
library, tapping the classroom air' reglsters, ‘and hitting and
then 1isten1ng to a tun1ng fork that is hang1ng by a strlng
from their ear. .

After about fifteen minutes the chlldren return to their
: desks and copy the following question from the chalkboard:
Does’ sound travel better through other materials than air? -
Mrs. L initiates a discussion about the activities they
have just completed and the results they obtained. The
children agree -that the sounds were louder through the table
than the air and that -the tuning fork sounded quite loud when
it was suspended fram their ears. The teacher summarizes
that these two activities provided a comparison of hearing
sounds through air and sol1ds and then ‘she poses a quest1on
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about. testing sounds through water. Christa suggests this

could be tested by ringing a cowbell underwater at the
swirming pool and then ringing the same bell above the water.

" Victoria speaks up to say that there are currents in the

“swimming pool which would prevent the clapper of the cowbell
from being.able to hit the bell. The teacher suggests that
perhaps someone in.the class could test this out at the
swimming pool and report their‘results back to the class.

Next,; the teacher reminds the children of the film they
viewed in which they saw two boys listening to sounds through
the air and then comparing it to whe sound through the

- railway track. She names.the t states of matter and .

~explains that 'The thing that is/the difference between those
things is what makes a differenck to how sound travles.'
Then, the children leave their de and upon the teacher's
direction, form two lines. In one line the children stand
very close and are called a solid and the other line is

_ spread apart and named a gas. The teacher pushes on the two .

rovws of children and they observe that.the solids are able to
pass the push faster than the gas.

The teacher then spreads out three of the gas
'molecules’ angd asks the rest of the children what lies
between the molecules. The children make various guesses .
such as air-and gas and one child suggests that there is
nothing between the molecules. The children find this
‘puzzling and one child explains that 'nothing is something
that is not there.' The teacher calls this ‘nothingness’' a
vacuum and uses space as an example of a place that has
nothing in it. . o “dé;Q

~Next, the children move to the front of the classr
and gather around the teacher who has connected cycle -
hand pump to a stoppered jar within which is s spended a .
~bell. The teacher begins to pump on the-bicyfle pump and
states that she is going to take the air. ow” of the jar to-
see if spund. needs air through vhich to traver. =
Unfortunately, the equipment malfunctions and despite

99

enthusigstic pumping, the teacher is unable to create a ~ -+

vacuum. |- Bob consoles the teacher and tells her that it
workec ¢n the film so they all know that it actually coeés
work. The teacher asks the children vhat they would have .
seen if] the equipment had worked and Christa answers that the
. Clapper would have stopped. The teacher challenges this
statement and another child ‘suggests that the clapper would
e to move but they would be unable to hear it.

en, the children return to their desks and draw a .
of the jar and bell demonstration. The class ends
with ja brief discussion about hearing sounds on the moon and

The teacher was disappointed with the performance of Uﬁ?jar

and bel}. She_had'assembled it the night before the class, tried
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o it“éut, ‘and it worked‘ “Hovever, xahe" felt' that it could be o
important for t"he,children to see a detfnonstra'tzion t‘ﬁat did not
work pe;fecﬁly as it gave them a more realistic view o‘f science.
| The next lesson deals with the cbncevpt’ of pitch. In this
elass, Mrs. L has the children blow into pop bottles, and strike

beakers which contain various amounts of water, and the children

obseirv‘e Hdifferen‘ces in pitch.

11. Introduction #£o Pitch: 1:00 - 2:15 p.m., November. 27,

Lo

1987

[On the-table at the back of the classroom are wine :
and pap bottles filled with various amounts of water. Rhythm
-sticks are-also on the table and there are other. assorted
beakers and pails of water situated around the ﬁassroom
~ The side bookshelf supports 12 large beakers contammg
differing amounts of water.)
The teacher begins by displaying an empty pop bottle and
a bottle within which is some water. She biows on each of
the bottles in turn and then questions the children about the
_diffeg,:ence in the sounds. Samantha answers that the empty :
. bottle has a lower pitch and the teacher informs the children '
. that the word pitch has a number of definitions. They
discuss other situations where they have used this word.
Then, the teacher blows into a number of other bottles and
the children make pzpdictlons about the pitch that ‘might be -
* associated with eack bottle. ‘
' Next, Mrs. ﬂ«.tﬂ.ks. about using glass in the classroom
and th safety-rules By which the children are to abide.
Th ttlés are distributed to the children and they
" begin blowing into the bottles and d1scussmg among _
- themselves. - Some chlldren strike the beakers with rhythm
- ~'sticks. -
o . With fifteen. mmutes remaining, <the teacher asks the

ch;ldren to return to their dﬁkignt: they begin- to discuss

‘the activity. The children tel s. L that gdifferent levels:
of water produce’ differences in pit Christa offers that
. pop bottles with more water give.a h1gher sound and beake,rs
with more water give a lower sound.

The recess bell rings and Christa and Bob 11nger behind
to try out more 1deas with the beakers and the water.

Mrs. L was very aware qf the safety concems assoc1ated with

havmg ehildren work w1th glass.



T suspect that I seemed over-firm. It is just that I have a
vision of broken glass, a hurt child and then much answering
to do. Who would ever have bottles and beakers in the class
after that? S " ’
It is a situation where I feel quite alone, never
having seen another teacher deal with this, nor discussed
with other teachers their way of laying out safety
procedures. It's a matter of judgement. I want to set out
firm expectations and guidelines yet not make them nervous
about using the stuff. Nor do I“want to appear over-anxious
myself. They pick up on that. S

The teacher also noticed that the children. seemed to
focus‘on‘what they actually did and saw during the activity
while she wanted to encourage tﬁeﬁ to think'abouﬁithe reasons _
for their observations. S f@b‘

i

You noticed me tfying to converge questions on

differences in pitch and what produced this. Meanwhile, the

kids mostly wanted to report their other discoveries in
exploring the beakers and bottles. . They found out a lot
about the qualities of the sounds and noticed that the same
sound could be made by tapping different levels of water in

same-sized beakers. The empty beakers have different pitches.
It seems important to endorse their discovery agenda.,ev%p if

it was not quite the one I had for them. |

The ne#t lessén is intended to expénd upon thé concgpt of
.pi£ch and demohstrate'that additionaljobjects can be used to
produce Qériations in pikch. Mrs. L ekplains that pitch is |
‘related to vibfatidn; and the children are given time to explore

using their own materials.

b

12. Exploring the Concept of Pitch: 9:00 - 10:15 a.m.,

November 30, 1987

[On the ‘table at the back of the classroom are the
following materials: - wood. sticks, metal pans, bottles,
~ beakers, elastic bands, combs, and cards. ]

to1.

Mrs. L begins by reviewing the previous lesson'involvfng'

the manipulation of bottles and beakers. Then, she announces -

that today's lesson will involve discovering more about
pitch. '

a ﬁetal pan, putting a ruler underneath the elastics, and

P

Next, Mrs. L demonstrates: 1) stretching elastics over

Q9
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then plucking on the elastics; 2) stroking a card along the
teeth of a comb; 3) placing a card on the spinning spokes of
N a bicycle tire; and 4) flicking a stick which she holds near
' the edge of a desk. Mrs. L tells the children to try these = .
. activities and encourages them to once again, try out the
.\ bottles and beakers. A worksheet is distributed and read
. [Pitch: High and Low Sounds], safety rules are reviewed, and
- the children spend’the next half hour manipulating the
‘- materials. ‘
, After this time has passed, Mrs. L asks the children to
return to their desks and she explains how to complete the -
worksheet .

Then, Bob demonstrates how to produce a change in pitch
with the card and the comb. Another boy demonstrates blowing
into.the bottles and when Mrs. L asks the children ahout what

. could be vibrating and causing this sound, Victoria
volunteers that both the bottle and the water vibrate. The
teacher responds by using the example.of a church organ to
explain that it is the column of air within the bottle wh1ch .
is vibrating. i

Finally, the lesson concludés with short demonstratlons
and discussions about the remaining objects which ‘the
children used during the clasg.

i 1’; @,
- During the morning of the next daw, %ks. L shows a film which-

contains examples of animals whovcan”hearﬁfhrough air, water, or
solids.  In the aftérnoon, Mrs. L iﬁﬁroduces the mini-reports the
children will write on some selected science topic.‘ This

‘introduction is foiiowed by a teacher deménstration of pitch, and

the children's performances of songs using materials from previous

science classes.

13, Film: Anima In Many Ways & Lesson:

Pitch: 9:0

- 9:30 a.m. & 1:15 — 2:15 p.m., December 1,

1987

Film Description
I was not in attendance for this 12 minute film entitled:

Animals Hear in Manxfgaz . However, the teacher took notes
in my absence. The film contained three main ideas: 1) animals

that hear sound through air, 2) those which hear through
water, and 3) animdls that hear through solids. These three
ideas were illustrated by references to various animals such
as elephants, birds, insects, bats, fish, and snails. The
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' ‘ - M~‘ - '
fii) concluded with a review of how sound is produced,
how it travels, and how sound is received. The teacher
concluded the class with a short review of the f im.
. ! A)ﬂ
Lesson Description §

Mrs. L begins by introducing the mini-reports 'on"
sound which each child will be required to write g
td the class. Lok

Then, Mrs. L reviews the discoveries the ci$i
about pitch in the last two science lessons. <@’ ‘

Next, the children watch as Mrs. L sets up.tg¥ash tub,
broom handle, and string. A child volunteers taq 236
this dpparatus and discovers that when i
it produces a higher sotind. Christa ik
the string in different places can "’{f’ ‘
pitch but when she tries this out, she e a
change in pitch. Another student suggests putting one hand
on the string while plucking it with the other hand. . Mrs. L
tries this suggestion and the children hear different
pitches. The teacher tells the class that the 'thing* that
was changed in each case (e.g., length of string) is called a
variable." ‘ :

Finally, the children divide into groups and each group

- confers together and plans to perform a song in which the
science materials from previous classes are used to produce
differences in pitch. After seven minuted of planning, each
_group performs a song for the class. ‘Three out of five -

groups perform jingles from television advertisements.

In the next lesson, the children view a film about

noises common to everyday \\;\j,aﬁe, and they participate in

X 1" .
identifying sounds associated with aspects of\their own 1l\ves.
Mrs. L concludes with classroom examples of mat ials which are .
/’-,«/’U e ] . \‘: B /
capable of ‘absorbing sound. A

14. Film: Noises & Lesgon: Evaluating Sound: 1:10 - -

2:15 p.m., December 7, 1987
-~

[Christa misses the majority of this lesson due to

‘her involvement in Academic Challenge. However, prior to the
class, Mrs. L briefed her on the lesson's concepts and
Chirista.also took the time to complete her worksheets. )

The ‘teacher begins by telling the children that this
will be their last lesson on Sound and that today they will
discuss how sound affects them. ‘

The children volunteer examples of sounds that they
enjoy or dislike. Then, Mrs. L defines noise pollution and
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tells the children that this term will appear in today's ”

filml
Worksheets [Sound Pol ution and Evaluating Sound] are

distributed and the children each generate an inventory of \
ten sounds that they associate With either breakfast or \
recess. After ten minutes, gome children read and discuss \
their inventories with the rest of the class. |

Next, the teacher introduces the 10 minute film [Noises]
vhich the children then view. The film containg the ~ ''°
following concepts and questions: noises are part of everyday
1ife; some noises disturb or bother us; noises at home;
neighborhood noises; noises at work, school, -and a factory;
-going to sleep at night; how does noise affect people?; and
what can be done about noise pollution?. After the film, the
teacher reviews the main ideas and the childrem- pmvide
illustrative examples.

Then, the children study their Sound Pollution
worksheet. Mrs.'L tells them that the ceiling tiles inithe
classroom-have little holes in which sound can bounce around

- and lose some energy. Two children also identify the walls
and rug as materials capable of absorbing classroom sounds.
Samantha adds that curtains can also -absorb sound.

Finally, the teacher concludes the lesson by displaying

a book containing pictures of baffles and sound barriers.

The next lesson is thevlasf class prior to the Sound .
unit quiz. 1In éﬁis lesson, the children review the concepts they
were exposed to during the unit, and observe additional examples
of sound absorption and amplification.

15. Insulation & Unié'%eview: 9:00 - 10:00 a.q.,

December 8, 1987

Mrs. L begins by reviewing how some materials are
capable of absorbing sound and how others provide insulation
against unwanted noise. Gordon offers examples such as
ceiling tiles, highway sound barriers, textured walls, and
rugs and Samantha suggests that couches are also able to

. absorb sound. The teacher summarizes that all of these
objects have surfaces which are capablé of absorbing sound.

y Then, Mrs. L takes a ringing alarm clock and wraps it in
a sleeping bag. ‘The children observe they are unable ‘to hear
thé clock in the sleeping bag and the teacher tells them this
is another exanple of a material that can absorb sound.

o Next, the teacher displays a. ing bag taken from a
bat of fiberglass insulation and the class reads from the bag
that fiberglass has sound control properties.

Then, the teacher pla small hand-cranked hurdy gurdy
and asks the children how she”can make the sound louder.

A
. .



Samantha sudgests the teacher play the hurdy gurdy while it
1s against a hard flat surface. The teacher tries this and
the children are impressed by the louder sound. Other
children suggest alternative surfaces in the room on which to
try the hurdy gurdy and the teachef follows their directions.
Then Mrs. L tells the children that the sound is louder
because the wall or desk is vibrating to the tune of the
hurdy gurdy.

With 30 minutes remaining in the class, the children ,
divide into groups and work on categorizing some sound review
cards under three large heading cards on which are printed
the sound unit framework: 1) How sound is made, 2) How sound
travels, and 3) How sound is received. The children discuss
the cards and attempt to place them under the appropriate
heading. -[see summary in Appendix ¥] R

The class concludes with the tefcher telling the.
children that they will have a Sound unit quiz on December
10. .

+

16. Sound Unit Quizi 9:00 - 9:50 a.m., December 10, 1987

Mrs. L begins by giving directions about writing the quiz
and using time efficiently. Victoria asks if a question
about how fast sound travels is-on the quiz. Other children
want to know how many questions are on the quiz and what they
should write down if they don't know the answer.

The quiz is distributed and during the_sciegge period,
about % of the children get um.and manipulate materials
such as the tuning forks and puck, and the beakers and water.
. Victoria, Bob, and Gordon all ask the teacher questions

during the quiz. Samantha joins them to use the available
science materials. o .

At the end of the class, about 3/4 of the children
indicate that they thought the quiz was easy. Another five
children raise their hands to show that using the science
materials helped them with the quiz. [see Appendix L)

The quiz written today was the second rendition of a quiz

thét was initially prepared by the teacher. Both the teacher
and I agreed that the first rendition of the quiz was qaite

difficult. Consequently, Yesterday the children spent\time

suggéSting appropriate questions for the quiz, and-reviewing some
&

of the concepts taken during the Sound unit. After that class,

Mrs. L used some of their questions to write a second rendition

of the quiz/and this was the quiz which the children wrote today.

108
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‘The teacher felt that Victoria sought a lot of help from
her during the quiz. Mrs. L also predicted that the children would\'
have problems with the bat question {[Question #12)] and maybe this
would be due tq the problems they had understanding the ;vord ‘
'navigate'. Twenty five children wrote this quiz and the class ‘
average was 89% with a range of 70% - 100%. Christa and
Samantha received a mark of 100% on the quiz_as did three other
cﬁildren in thea class.room.' Bob attained 97;6, Gordon, \85%, and

Victoria, 73%, which was the second lowest mark in the classroom.

D. Summary Discussion of the Teacher's Presentation *

This teacher-directed Sound unit was conceptualized within
'a framework of three questions, and was presented through the use : .
.of teacher lectures, class diécussions, teacher demonstrations,
films, models, and teache{-directed\aitoivities, The children also.
campiled mini-reports on ﬁ, chosen topic in so\und, ang were given

credit for the report if they carried out independent research on
their mini-report topic primarily by reading library materials.
Evaluation of the unit concepts took the form of worksheets and a
summary quiz, and this evaluation revealed that Victorié in
particglar experienced some difficulty with the concepts included
in the Sound unit. . ' | £

Mrs. L's camnéntS'zze\}éaledl that she was aware the children
needed more time to,complete and reflect on the _teachex%directed
aétivities, that the children fbund some science vocabulary to be
diffiéult, that she was unsure about the appropriaﬁeness of some

of the science concepts, and that ideally she would want to include

‘mdre oppqi'tuni’ties for independent student exploration.
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Additionally, Mrs. L recognized. that her actions, available time,
and activities were all influenced by factors associated with the
system in which she worked. This seems consistent with Apple and
King's (1976) comment that "teachers are not free to define the‘
classroom situation in any wéy they chose" (p. 117). Instead,
Mrs. L's enthusiasm for an activity science program had to be
balanced against time restrictions, availability of sciénce
materials: financial éog;iderations, special school activittes,
the physical arrangement of the'classrqqnf”and her level of energy.
Mrs. L also drew attention to society's demands for increased =
services even during times 9f financial res&raint. Apple and King
(1976) reason that:

The teacher's éctivities must be understood not merély

in terms of the patterns of social interaction that dominate

classrooms, but in terms of the wider patterning of social

and economic relationMghips in the social structure of which
he or she and the sghgol itself are a part/ (p. 124)
. ¢ Y

Perhaps our tion should be Ennzément that Mrs. L A
was able to mainpain the energy level not only to plan and
execute this varied and interesting approach to Sound, but she was
?lso able to assume tﬁe additional résponsibilities of
collaborative research. ’These lesson descriptions and teacher
camments, howéver, only reveal a small part of thé children's
experience of partiéipating in the Soundsunit as seen from

Mrs. L's perspective, and from mine. Alternative framework

reseagche?é‘claim that children have their own ideas about the

teacher's science, and that children's experience of the science

s \
lesson may not approximate what the.teacher intended. ' This\is not
qberceived teacher incompetencies, but it is more an

due to any



tea her's science and what they already know In the followmg

p er, the children s conments about ‘trﬁlr experlence of the

desc iption of the chlldren s, struggle for a personal understandmg'

of t?e teacher s sc1ence
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| 'ouncl“ﬁnit are presented, and what energes from th,ese comnents is a‘v‘ o



' Chapter Seven

o This chapter begins w1th Brgef descriptions of the five =

' children who part1c1pated 1n the study, and presents their initial

‘v1deas about sound, learning, andenderstaﬁding .The children's“

t ucemnents about 1earning and understanding reveal that they percelve

. a difference between these two terms,%hnd that understanding involves o

‘,the ab111ty to go beyond recalllng and repeating the teacher s science f_)

'to a state where the ch11dren prov1de explanatlons which they construct,.,

themselves and Wthh they Judge to be personally satisfying

1.

The remainder of the chapter examines what is 4 “#@ in the

children's struggle for a personal understanding of fhevﬁbacher's

.‘Nsc1ence, and empha51zes that thls struggle 1s not characterized

by 11near, progress1ve stages ' Instead, the children display ‘many
ffreversals of d1rect1on, make surpr1s1ng observations, and construct
uwebs -of 1deas which are 1ntelligent and personal However, the -
compllcated, evolv1ng 1deas %?1ch the chlldren possess are -
«dlfflcult to portray and study w1thout prov1d1ng some organ1z1ng
framework Therefore, the children s conﬂents about their struggle
”for personal understandlng are, in part, set against the framework

of the Generative Learning Model (Wittrock, 1977, 1981, 1985)

This 1earn1ng model, -and. the vocabulary W1ttrock (1977) uses to
describe human’ thlnking, however, seem to. portray a view of
'fconstructlng meaning which is ‘more mechanlcal than what emerged o

. from the chlldren s comments. Therefore, Schutz s (1971)

Y

o .o109
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pHEnomenological description of a stranger who,approaches and tries .

’h to understand and adopt a Tew culture is 1nterwoven with the L

Generative Learning Model to provxde more insight into the children s

very human experience of the science. . - ’, .

!

- A, Children s Initial Ideas and Perceptlons

Children s Initial Ideas About Sound

The ch11dren met with me for their f1rst 1nd1v1dua1 L

:

_interviews,on.October 26r Dur1ng this 1nterv1ew, the‘ch1ldren

’:‘recounted ‘the ideas:they already had about sound and also prov1ded ’

“feh'opportunity for me to galn a brlef 1ns1ght 1nto thelr

personalitles

—

As the study progressed and the- children s unique vie\\\sf

) sound were uncovered, the teacher and I wondered if the perso allty,

philosophy, and homellfe of each Chlld explained much of what we

observed. In an effort to prov1de us w1th more 1nformat10n ahout

the chlldren, the teacher recorded her own 1mpress1ons of the

children ] personalities, and I further ‘asked - each ch11d to describe

_his or her own personal1ty and ,also to comment on hlS or her

phllosophy of school and.SC1ence ' Some of these comments appear in

the follow1ng 1ntroduction to the children s initial 1de‘.k and

N

' others emerge throughout the remainder of thlS and the subsecuent

chapter.
a) Christa

Christa describes herself as being a g1r1 who 1s_’

‘”Lalmost always good who -assumes respons1b111ty for her schoolwork, -

v and performs well with 11ttle adult superv1s1on. She claims to

enJoy school and feels personally motivated to constantly improve
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'_upon her report card marks She is particu1arly enjoying this year
in sahool because she is now the oldest member of her family enrolled
in elementary schoofb Wlth this status has come .additional
respon51bil1ty to ensure;ghat her younger brother‘reaches the school

: safely

Christa views school science as being both gasy- and fun.

; bugh she d1d not' 1dent1fy components of sc1ence which she
d1sliked, she sa1d she dld prefer performlng exper1ments ‘and trying
“out thlngs. Chr1sta thlnks that the 1nformation the teacher presents
durlng science class was orlglnally discovered by scientists, and
then was recorded bm wrlters of sc1ence books The science that
Christa does in the classrogg is d1fferent from that done by
‘sc1ent1sts because 9
hC: . .- sc1entlsts want to flgure out one thlng and they
go ahead straight to it.  We just sort of learn what the
-scientists have learned but we do different stuff.  We do
stuff we can do, like, we don't do big humungous machines.
Christa is currently participating in the Academ1c Challenge f
program at the school and enJoys the‘puzzles and,independent work -
Which;are associated nithvthat program.

‘ puring her initialrinterview, Christa spoke of the euents
5fr0m-everyday life that were her sdurces of ideas.about sound
“Conversatlons w1th her- parents, telev151on\v1ew1ng, and observatlons
of people with hearmg a1ds prov% (some of Chrlsta s 1deas 'I‘he
fspec1f1c 1deas she had ut sound are outlined 1n Table 1 where:
they- are organlzed accojg;qg to the teacher's unit framework. -

b) V1ctor1a

‘ V1ctor1a recently moved here from Ontarlo and was

A



TABLE 1°

Christa's'lnitial Ideas Aheut Sound

How is sound made’, ,

- th1ngs have to move to make a sound ‘ o
- sounds can differ from each other" higher and lower, louder
and softer '

s

How does sound travel?’

- [unable to offer an explanation about how'sound’travels]

~ sound travelling through sol1ds 1s dependent on the thickness w
¥

of the solid ‘ o f s

- it is possible to hear through liquids; but not very well

- we ca hear bhetter in air than water

- she can.hear -echoes in streets and in her. father's' -empty.
darkroom, a big, empty space is needed for the best echo; an
echo can also be. heard in a b1g, furn1shed room

. How is sound rece1ved7

- [unable to offer an explanation about: how ears work]

- some people have difficulty hearing and use hearlng alds ,
which operate something like a microphone :

- some animals can hear better than others (e.g., dogs,
monkeys), but you can't tell by just 1ook1ng at the animal

New Vocabulary =~ - ' : o &

- Vlbratlon - when you yell through a rolled up paper you ¢an
feel it wiggle back and forth; vibrations can be strong
enough to break. windows; loud noises make v1brat10ns

\

- Energx : there are different klnds of energy; batterles give

off energy, people }unnlng marathons have lots of energy

- Matter. as used in the statement, 'Matter of fact'
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, enrolled in Greenwood School at the. end of September. Shggis'the
roldest of four children in her family, and descrihgs herself as
heing 1nte111gent and possessing a sen of humor. M@eting other
- students and ma1nta1ningmfriendsh1ps with them is’ important to her '
and she misses the many friends- she had in Ontario

Victorla kept a particularly neat science notebook and
consrstently tried to do what she con31dered to be a good job.

.v:; .« . if T, do well, I'm a good student. If you just

» 4" scribble all the time, I don't think ¥ou are that great.
we¢+ You can fail, too.

" This sense of respon51b111ty extended to the. interv1ews where »
ishe would sometimes arrive with brief handwritten notes about the
usclence class Just»completed...She would theh. use these notes to
' assist in answering the interview questions. } ‘ o

Victoria thought the majority of science classes were
interesting. She preferred classes in which she was able to
part1c1pate, and espec1ally llked d01ng experiments and learning

~new facts. Vlctoria thinks that the information that the teacher
_%presents in sc1ence_class originated from scientists, and she
desckibes science invthe following way:
3 Sc1ence is learning. Like, experiments, and new things
‘and ‘things that have just been invented a while ago
which wasn't 1nvented a long time ago.

Victoria has viewed movies whlch have featured sc1entists and she

thlnkssthat sc1entists

V: . . . have moustaches and long beards, and they. wear sort
 of a canvas suit. They go around and get fossils and
they test. - B

When I asked Victorla what it was llke to be a student in her -

.science class she answered o
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Vef If T have something ‘that sort of Lpoks bbring, I Slt .

\é/there and watch it and it is like watching the TV channel
that gives you the shows. Science is just something that:
I enjoy and you never know when you get older I might not
like it or I might like it more. :

'Her least favorite part‘of'science is the summary quiz.

* Victoria finds test situations to be intimidating and she commented
that sometimes she gets so nervous she is not able to think of the
<i§)test'an8wers : She'would like to see the teacher include more games,
éxperiments, and competltlons in the science program.

When I 1nterviewed Victor1a about her 1n1t1al 1deas about
sound she referred to many sources of 1nformatlon telev1s1on,
cartoons and science shows, a former unit on sound she completed

K in Grade Three, maga21nes, and observatlons from her everyday 11fe
Her 1n1t1al 1deas are outlined in Table 2.

2 Gordon

Gordon believes his older sistef and his friends would
v_‘ describe'him as being'funny'and weird. He feels he is a good
,personland likes helping people and playing with his friends. lt
is 1mportant to. him to complete his homework and he always puts
) forth an. effort in school.
Gordon has a rural background and moved to the city prior
to the beginning of the school year. ' He misses his farm,.but has
developed a friehdship with another Grade Four students who lives
uithin his‘housing complex. Many of his explanatlons about concepts
:"1n sound drew upon the experlences he had 11v1ng on a farm~and
| partlclpatlng in sports w1th h1s father.-
It was_lmportant to Gordon that he do well in school-and he

~described science as being 'fun and neat.' During science classes,

kY
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" TABLE 2
P gy
Vlctorla s Initial Ideas About Sound’

Ny

t How is sound made?

~people have voice boxes located in the middle of their chests

which are used to make sound
some things have to move to make a sound  e. g., bells Do
some -things ‘make a sound but do not move e. g., timers, fire
bells

sounds can be made 1quder or softer e.g., playing-the piano
harder; your mind telling your voice box to say things louder
or softer ,

high notes are louder SRR

some sounds such as sheep voices stay the same

g
Wl
i

How does sound travel? ‘ . L !

sound travels by vibrations; she’ has seen vibrations on
cartoons and they are imaginary lines that float through the
air, go in every direction, and make noises; vibrations can.
make a bell noise but do not come out of a radio because the
speaker is covered

it is possible to hear through sollds .e.g., she hears
through her bedroom wall

you can hear underwater at the. sw1mm1ng'pool, -vibrations
might be involved :

can hear better in air than water because water currents
prevent you from being able to strlke sticks together with
.sufficient force :

echoes repeat what you say and are found in mountains and
blg empty rooms :

How is sound‘recelved?

people hear with eardrums inside their ears .

some people have hearing aids and tubes to help them hear; if
you can't hear, you can't talk; sound gives you balance

in general, you can hear things because they're close

some animals with big ears, e. g., tigers and rabbits, can
hear better than others ' \ :

New Vocabulary

Vibration:, imaginary lines that make noise and go in eve

direction ,
Erergy: a good sleep gives you energy, energy is used in
machines; energy 1s like electricity; running and exercisi
‘gives you energy ‘

Matter: wused in the phrase, 'What's the matter?’
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he prefefs to do experiments and to find out new things. Gordon
thinks that the ideas presented during science classes were
‘discovéréd by scientists who have spent time doing exgeriments,
but he added that the science doﬁe by a sCientist‘is-different
from £he‘sci?nce he does” in'school.

Gordon"identified several sources of information for his
initial ideés about sound: family ;Embers, radio, exposure to aﬁ
unit on sound’ in Grade Three, and observations from everyday life.
Hi%ideas are sumnarlzed in Table 3. |

d) Bob

Bob feels he is a curious person and he likes to
understand vhy thiﬁgs happen the way they do. He believes he is a
good person and if He.does well in school then that will lead to
a better and more successful‘life as an adult. Bob's parénts
emigrated to Canada and are very appreciative of the school's
educational experiences. They haVe.emphasized to Bob that it is
possible to succeed in this new countrg through hard work and '
determination. | o |

'Bob displayed a consistently positive attitude towards Grade

- ?Qur and especiélly‘appreqiated the role Mrs. L had in his

learning. Bob felt that her pfeséhtation,of thé lesson was key
to‘attainingvhigh test scores and he listened attentively
éuring éll science 1éssons.

Bob thinks that the information the teacher presents in
class originated from scient;;ts who have published information

in books which are accessible to the teacher. He believes that

the science done by scientists is more difficult than what he does

116
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TABLE 3

Gordon's Initial Ideas About Sound

How is sound made?

- things have to move to make a sound; even objects like a
stereo that doesn't appear to move, still has knobs that move -
- souqdﬁ can differ: higher and lower; louder and softer
- factors involved include the material of which the object 'is
made; the amount of force applied to the object’

How does sound travel?

. . Y - . ‘ .
- we can hear thingsﬁbecause they are close e.g., recess bell

- we cannot hear through solids because they block the sound
e can hear through liquids e.g., underwater sounds at the
swimming pool

- we can hear better in air than water

- an echo is your voice bouncing back to you; echoes are found
in gmountdins, tunnels, trains, and blg places where there
are surrounding walls

How is sound received?

.»-’)

- people hear with their ears; some people have difficulty
hearlng so you must speak up or they must use hearing things
in thelr ears

- some animals hear better than others e.qg., eagles have a
hearing scent 3

New Vocabulary

' *
- Vibration: hgkpens when you hit a stick against a tree and
your hands shake

- Enerqgy: you need energy for running; get energy from sugar
- Matter: world / everything is made out of matter; matter

‘is made of small bits of something; some things have no
matter
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in séhool becaﬁse s;}gntists use a more advaqced vocabulary and
perform more experiments. |

Bob's initial ideas about $&ound éppear in Table 4 and some
of the sourceé ofyhiskideas are conversations with his brother
énd parents, observations from everyday life, and his own ability
_ to understand énd reasén;“ |

e) Samantha \‘
p SamanthA{enjéys sciance lessons aﬁd is particularly
pleased when she is able t‘oidé)\&ndsy—on activities. She is less
entﬁusiastic about reading ‘ctivitigs and .she observed that

séméntha describes herself as being

writing made her hand tir
a person who usually puts'in an aﬁerage effort at school, but

she still spoke of the Emportance of attaining good marks.

£*y
S: Sometimes I'm grumpy. Sometimes in the morning when
it is too early for me, I fell lazy and I stay in bed a
little longer, I try to, but my mom comes and pulls me,
- out. At school, not bad. Nothing much at school. '
Samantha's family is from Sri Lanka and she is the only
child of her professional working parents. Since she is enrolled -
in the aftér-school program, Samantha spends a long day at school
and is further involved in taking piano and cello lessons.
Samantha attends school 'to learn' and adds that other
children attend school
S: To learn more that they don't already know. They
learn their ABCs but they need to learn more than that
to get a job and grow, enough to get food and all that.
Samantha thinks that science'concepts were discovered'by
scientists and that this information is presented by the teacher

during science class. However, she believes the science that
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TABLE 4

Bob's Initial Ideas About Sound

N

How is sound made?

How does sound travel?.

- some things have to move to make a sound e.g., musical

instruments ,

somé things can make a sound but do not move €.g., photocopiers
and air conditioning systems .

sounds can be made louder and softer, higher and lower;
variables involved are the energy used to strike the

instruments and pressing different notes on the piano

wind is also capable of making a sound

R
jo
ears attract sound to them and the sound goes into your ear;

it is like how magnets attract each other; he wonders if

sound moves through air, goes'into your ears, and you hear it
when planes take off they leave the sound behind them; some
planes go faster than sound

you can hear through solids depending on how thick they are
sometimes you can hear through liquids

echoes are a bit higher than'the original voice and can be
heard in large pipes and mountains

some people can make loud sounds and break glass

How is sound received?

people hear with their ears and their brain also helps
some people have difficulty hearing and they must use
hearing machines

some animals like dogs can hear better than other animals

LY

New Vocabulary

Vibration: [he has heard his brother use this word]

- Energy: gives more strength and better hearing

Matter: [unsure what this word means]



120

scientists do is slightly different from that performed in science

class

~~~~~
-

S: . . . because scientists mostly work fiXing things
up. We read and do experiments. They do experiments,
too, that's onejthing that is alike with is and the '
scientists. But, they don't read as much as us, I
think, because they know a lot about it. They went to
school before us.

’
Samantha identified many sources of information for her ideas
about sound: conversations with family members, music lessons,
television cartoons, books, observations from everyday life, and
previous exposure to sound in’o S ool\grades. A summary of
~ her ideas are outlin%d in TableFS.b -/

Alternative framework researchers have said that upon conclusion

2. Children's Initial Ideas About Learning and Understanding

of a science unit, children may possess a variety of ideas about the
teacher's science (Biddulph, 1982b,J1982c; Driver, & Erickson, 1983;
Driver, Guesne, Tiberghien; 1985;.Osborne,’& Wittrock, 1983;
Taskeé. 1?80). However, despite possessing a range 6f ideas about
the teache;Ws science, children may use their }ecollections of

the teacher's presentation of the science to pass exams and fulfill
other formal school requirements. This may imply that although
_children inay be willing to repeatbtﬂé teacher's science during
formal evaluations, some children may not feel confident about or
even unde{;tand the explanations they offer during test situations.
Children's willingness to repeat ideas presented by the teacher may
also imply that.there is a science which same children learn for
school, and there is a personal science which to them may seem more -

understandable, useful, or meaningful.
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TABLE 5

Samantha's Initial Ideas About Sound

N\

How is sound made? \\\

",

kY

- some things have to move to make sound e.dg., opening a door

- [unsure whether movement is always- necessary for sound])

~ sounds can be louder and softer, higher and lower: factors
involved include turning up the volume on the TV: hitting
something harder; playing different notes on music

instruments ) . ‘\

How does sound travel?

- sound travels via sound waves which travel to your ear and
then you hear;' sound waves have to move quickly, although
sometimes ‘they are slow; if the sound waves are loud, they
can travel through walls; ,sound waves are invisible and
cannot be felt; their existence is proven by the fact that
they can be heard

- sound can travel through solids and liquids ‘

- we can hear better in air than water >

- echoes might involve bouncing sound off a wall and then
you can hear yourself again; echoes are found in mountains,
washrooms, and places where there are surrounding walls

How is sound received?

- people hear with their ears and sound waves travel into the

¢ ©ar and then to the brain

- some people have difficulty hearing

- some animals can hear better than others but it doesn't
necessarily depend on ear size

New Vocabulary

- Vibration: 1lines that move back and forth; the wind can make

vibrations
- Energy: there is %ngrgy from appliance cords plugged into

walls; batteries havg energy

- Matter: as used in the phrase, 'It doesn't matter”

a



There are studies which illustrate the’ variety of ideas and

explanations children possess about topics in sc1ence, and present

5the comments children offer about what they thought they }earned

‘from the teacher s presentation of the science.~ In thes@ studies,

.,'definitions have been generated and categories have been created

- Strike and Poé%er (1985) distinguish.between understanding science .

*fand acquirilg verbal-behaVior about sc1ence,'and,say that "to:

k )

fwhich portray the children s reaction to ‘the teacher s SCience

,lunderstand an idea is to know what it means"'(p,‘222).f This"“

£

"understanding can then be used to employ the 1dea in an’,

."intellectually productive way" (p 212) which is in c0ntrast to

he

simpIy acquiring a "plEC%WOf %erbal behav1or which one emits to a

ustimulus" (p 212) Novak (1985) refers to Ausubel's discu331on

',of rote learning and meaningful 1earning and comments

[Ausubel] defines meaningful learning as non—arbitrary,
~ non-verbatim, ‘substantive incorporation of new knowledge Ainto
ora person 8 cognitive structure, whereas rote learning is
,described as arbitrary, verbatim, non-substantive\ i
'incorporation of - new knowledge into cognitive structure
(p 190) e : . . SRR w

_Brumby (L981) also recognizes that children have different reactions

‘ f[to5the teacher s science and she makes a distinction betWeen

-concepts which.children "'know' w1thout thinking about" (p. 24),

I

fand concepts which are "meaningfully learned" (p 21)

Clearly, there has been a recognition of and differentiatiqn

L: between sc1ent1fic 1nformation which seems superfic1al, rote, and
;3cursory, and<that which appears to be more meaningfully grasped,4

' gunderstood, and eventually applied by the children. I wondered

ifhif the children 1n this study might also display these reactions

.
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to the? teacher's science, and whether they would be willing to admit

o t,:,, T
ve" %ogﬁssmg different degrees of understanding If the children

d1d admit to a range of reactions to the teacher (3 science, it
.

vseemed that this could prov1de a starting point for the examination

‘ ofm.'\gs?sues such as how . the children 1nteracted with the. teachér s
sc1ence, factors Wthh might 1nfluence meaningful understanding.
and how the children constructed meaningful understanding - I also -
wondered about what vocabulary should‘be included in my interview ‘

. questions., Certainly, asking children to 1dentify ideas they had B
learned;by rote or were "1ntellectually productive' is . ‘ |

' 1nappropr1ate Consequently, I selected the terms learn and |
understand because these terms would be familiar to the children,

| and because these terms had been used successfully in another study o
concerned w1th exploring and definmg children s reactions to .
teacher's sc1ence (Renn1e,*1981) 'I‘herefore, prior to ‘the '
comnencement of the Sound unit, I asked the children abth

&

o lea 1ng -and understandmg &d whether they perceived any difference;

or smularities between the two terms. All of the children argued

that there was a dlfference between these two terms, and proceeded
“to prov1de examples from their sc1ence units to }uppor-t their claims. -

| Christa said she had if_ea rned’ about how magnetic north and true _ '
a north were two differentmplaces, but she was unable to undergtand

how they were d1fferent.

rdm f_elt he had learned that nlagnets
» could repel each oth. Vvut_he still di‘d not:‘vunderstand.why they' :
: would repel. Bob stated that he had learned about dompasses, but
| remained confused and did not understand some aspects of their B =

application. V1ctor1a reasoned that wheri she is first egosed to '
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~1earn and -

-_enable [the children]‘tospass exams"'(p 46)‘ Further, these

124

) concept, she. 1earns it but she may not understand 'However,'

through studying the information qver a period of time she
maintained that she may be able to understand. - . Sainantha thought
ahead’ to the Sound unit and suggg;;ad‘t&at althoughnshe had already
learned the words sound waves,,she did'not understandnhon sound‘vp
waves were. produced._ 3 '~ ‘ "%Q e

- These comments establish that for these children, learn ing
may have involved only memorization or the ability to. repeat '

terminology or. observations, while understanding meant an ability

to prov1de an explanation that felt personally satisfylng. Clearly,>

A’

the children were able to perceive a range ‘in their reaction to the

¢

teacher's sc1ence and implic1t1y recognize the difference between .

rstand, and this suggests that during the progress of

a science unit, there are concepts about which they feel different

g

’?degrees of confidence

. The children s . connents about 1earning and understanding are.

: Similar to the categories and discuss1on that has ‘been- presented

by Rennig (1981) Rennie (1981) studied secondary school: students'

:perceptions of learning and understanding and said that the students

Ia-_’

| described learning as being a "'mechanical process or 'memory

exercise' which involves know1ng.the formulas and definitions which |

a

o students percerved understanding to mean "knowledge of the concepts

and theory behind the 1aws and #initions" (p 46). Rennie ( 1981)

\ \

‘then drew parallels between the students'’ definitions. and

White s (1979) discuSSion of achievement, profiCiency, and mastery

'.With'the establishment.gf_the eXistence;of a range of'reactions"
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to the teacher's science and the children's”ability to identify

- and define that range of reaction, perhaps what we can now ask is
how the teacher s science progresses from being something which is .
‘merely learned by the children to being an idea which is personally

.it‘understood by the children Also, what motivates children to do ;

‘beyond,'memorizlng and repeating' the science even‘though this

- alone might be rewarded by the school system? Further,-how does
science become’ more personally satisfying and understood, and what

- is 1nvolved 1n the constructlon of personally satisfying
‘understand1ngs° - ) ::>' '

Perhaps some initial 1ns1ght into what might be involved in.

‘the evolutlon of learning into understanding can be gained from

. Barnes' (1976) comments about rote 1earning, reflexive learning,_

-.and understanding. Barnes (1976) argues that "1t is [the] graspﬂ
of pr1nc1p1es, of underlylng structures, which makes the

dlfference between rote 1earn1ng and understanding" (p. 114) He

adds that
v Learning can be a passivg’ acceptance of the beliefs and
: ‘practices of the people aboui 1is . . Reflexive learning

o _seems to occur when learner{s], acting upaQn . purposes which
are significant in [their] life worlds, [are] faced with
disjunctlon between [their] implicit beliefs and those of the
persons [they are] interacting with. THis disjunction -
‘compels [them], if [they are] to .continue {their] proposed
action, to bring to sharp awareness parts of [their] world
which were upon the periphery of [their] consciousness, and*

-~t0 construct for [themselves] understandings which did not
prev1ously ex1st. (p 106)

~ In this quotatlon, Barnes (1976) suggests that 1earn1ng 1nvolves
a stance of pa551v1ty and acceptance of the words of others
Reflexive learnlng 1nvolves Judging ‘the 51gn1f1cance and

‘worthiness of pursu1ng alternative 1deas, the p0851b1e recognition
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of diyﬁmmé or conflictw and the decision to actively struggle
4 ' . ‘ ‘ \
towards a fuller understanding;

: I wondered if the children in this study would be more 1nclined

into the struggle for understandlng that Barnes (1976) calls

reflexive 1earning. ,Could'the children identify classroom factors

~which in?}uenced their learning and understanding or would- this

prove to bewtoo difficult? Were there stages involved in the
evolutlon of understandlng or would the children's struggle prove

too entangled to analyze7 F1na11y, what mlght thelr conments as

‘they partic1pated in the- Sound unit say about the struggle for
. understandlng, and the chlldrean potent1al adoptlon of new schemes

,of understand1ng7‘

B. Children's Learnlng and Understandlng Durlng the Sound Un1t

After each 1esson in the Sound unit, I asked the chlldren
what they had learned and what they had understood For the most
part, the Children's comments abeut what they had learned during

: . . » : .
the Sound unit paralleled the comments about learning they offered

‘prior to the commencement of the unit, and included: (a) the actions

néeded.tq,darry out the tasks,y(b) factors involved in the'tasks)
(c) what they had observed durlng the tasks, (d) the teacher's

descrlptlon of the task, and (e) the deflnltlons fopAnew

'vocabu;ary.

However, some of the answers the children gave to my question

_regarding what they had understood about the lesson wére-varied;t

occasionally vague, and sametimes Surprising, For example, sometimes

o

“the children would claim that they understood 'everything'.about.the
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Science lessons despite ‘later admitting that there were aspects of -
the lesson about which they were puzzled |

V: I understand everything the teacher said.

V: I don't really get what [molecules] means. .L
In other instances, the children would claim that they
'understood a concept, and yet their explanations of the concept
‘seemed‘to conflict with what the teacher intended This seemed to f
support Nussbaum and Nov1ck's (1981) contention that children -
possess the ability for 'understanding differently' rather than
simply 'not understanding'; they emphasized thatvthe children‘s-
.understandings were personal understandings However, in general,
. khe children described understanding as the possession of

L]

‘,suff1c1ent knowledge to explain the reasons behind the observations

they made.
Although my questions. regarding learning and understanding

had, in part, been intended to reveal sc1ence concepts about which

5

the children felt unsure, it seemed that the children at times
'struggled tq,sort thelr thoughts 1nto these categor1es- Christa 7

1nd1cated that sometimes it was d1ff1cult to dec1de what she had

learned because some of her thoughts seemed to fall 1nto both

categories o ’/f”i

-~

C: Well, if you learn [an 1dea], you sometimes
understand [the idea} too. Like, you understand
how it worked, and you understand why 1t worked

Also, 1t seemed that the ch1ldren struggled with- my questions about
'learn' and ‘'understand' because, whether ‘correct' or not, most

.-of their ideas were in the process'of‘becoming a personal

understanding.’
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This process which preceded a personal understanding‘of the
teacher'srscience was one in which the children;struggled with
information which could appear both familiar and foreign ‘At times‘

Mit seemed easy for the children to make links between the teacher s_&
science and what they already knew, and other times the teacher s
sCience-appeared srartling, counterintuitive, and unbelievable;

“ During the struggle, the .children had to possess motivation
necessary to risk leaving the securiry of ideas.whichnthey already
yhad,‘and sOmetimes'this motivation arose from a number of external
and internal sources. . The children also had tO'evaluate and weigh
the teacher's science, and construct personal meanings which they
then had to judge. against their’prior 1deas. Finally, not only
vdid the children have to.construct their personal meanings of the
teacher's science, they also-had to accept and believe these -
meanings. | .

This struggle for personal understanding seemed to be
influenced by the nature of the teacher's sc1ence, the ch11dren s
prior knowledge, and the personality and 1ntellectual ab111t1es
of the.children.' ‘Several of the science concepts were abstract
and conld only be presented hy.analogy,.and some children found
thesebconcepts ro be particularly difficult. Also, the children's
prior knowledge, and the experiential and 11ngu1st1c foundation

| of this knowledge, was continually referred to by the children,

1”jfected the nature of the children s understanding of

the teacher s sc1ence The children's personallties and
1htellectual abillties seemed to be an 1mportant and yet elusive

‘facggr in the children's strUggle. On SOme occasions, Mrs. L and



’

129
I could predict which child would be more likely to appeal to

adult authority, or would challenge the teacher's science, or would
‘modify or change his or her current ideas about the science, or
would express doubt or wonder a out the . sc1ence. On other occasions,
we were surprised by how the children aoproached and reacted to

the teacher s science.J Also, some children seemed to experience

" much difficulty and frustration with the science, while others
seemed to possess such clear vision and impressive logic that it
appeared they expended little effort in coming to a personal
understanding of the content and implications of the teacher s
science.

WittrOck (1977, 1981, 1985) has_formulated a Generative o \

Learning Model which Osborne and Wittrock (1983, 1985) have used
to. 1nterpret ch11dren S struggle for understanding in sc1ence
This model was discussed in detail in Chapter Two; briefly,

The generative learning model is centrally concerned vith
the influence of existing ideas on what sensory input is
selected and given attention, the links that are generated
betireen stimuli and aspects of memory store, the construction
of meaning from sensory-‘input and information retrieved from
long-term memory, and finally the evaluation and possible
subsumption of constructed meanings (p. 64)

This model provides a valuable guide to the interpretation and
discussion of‘the.childrenfs comments’ in this?study.> However,
although Wittrdck'(lQ?Z,fiéSl,-1985) has been careful to include
additional cqnnents'abOuE(motivation, studentiresponsibility,

attention, and about hp#fthe‘construction of personal

understanding 1s not a s1ngle—path or 51ngle-loop process, the
[7,\

children's crnnents in this study suggested that there are other

.,

important elements?uo children s thinking during school science. v

Lt
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During the study, the children's risk-taking, frustration,
hesitation, pefsistence, and enthusiasm revealed a very human
experience of science understanding. It seems possible to ,
understand this experience, at least in part, by using the metaphor
of a stranger who approaches a new culture and éttempts to ’
understand and adopﬁ'that culture as his or her own. Schutz (1971)
describes.ﬁhe stranger as lacking the hietory of the approached
group and therefore the straﬁéer must start to interpret the new
culture in terms of his or her "thinking as usual” (p. 97). The
‘ stranger discovers, however, that the new culture is in contrast
to his or her home surroundings and this is frequently the ﬁfirst
shock to the stranger's confidence‘in the validity of his [or her]
. habitual 'thihking as usual'" (p.‘99). When rhe stranger. |
experiences this‘culture shock and recognizes the limits of his
- or her 'thinking as usual', this gives rise to the realization
£hat»ﬂthe normal way of life is always far less guaranteed than it
seems" (p. 104); by approaching the new culture, the stranger
stands to lose his or her status, rules of guldance, and even his
or her hlstory Schutz (1971) concludes that )

The stranger discerns, frequently with a grievous

clear-sightedness, the rising of a crisis which may menace

the whole foundation of the 'relatively natural conception of

the world', while all those symptons pass unnoticed by the

members of the [new culture] (p. 104)
]

Schutz (1971) maintains that the stranger then begins a gradual
process of social assimilatjon into the new culture.

If ‘we encounter in our experlence someth1ng previously
"unknown which therefore stands out of the ordlnary order

of our knowledge, we begin a process of 1nqu1ry We first
define the new fact; we try to catch its meaning; we then
transform step by step our general scheme of interpretation

v
-
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of the world in such a way that the strange fact and its
meaning become compatible and consistent with all the other
facts of our experience and their meanings.* If we succeed in
this endeavor,: then that which formerly was a strange fact
and a puzzling problem to our mind is transformed into an
additional element of our warranted knowledge. We have
enlarged and adjusted our stock of experiences. (p. 105)

At first, Schutz's (1971)‘descr%ption of a stranger
, v 7l
approaching and attempting to understand and adopt a new culture

may simply appear to be another wdy of stating Piaget's ideas
fi
about assimilation and accommodatdon, and really not to contribute

to‘kn understanding of the chlldren s human experience of science.
Vi

What is 1mportant about So utz s (1971) description, however, are
the recollections and eTpatﬁetic understanding it evokes. At same
point, everyone has experienced being a stranger. We all know

wvhat it is like to enter'a new classroom, begin a new job, or attend
a social gathering where only the host is familiar. We know that
much more is 1nvolved in these situations than making observations, .

trylng to fit new 1nformation into what we already know, "and

-

translating the ééw situation into famf11ar terms. We know that
M
the stranger s, experience also involves an emotional, personal

reaction that could range from feeling anxious, insecure, or
threatened, to feellng neutral, curious, or challenged In

this respect, approaching a new culture, or a new idea, is an
¢
experience which challenges our intellect and is intertwined

\
w1th our emotions. ;,

N v
Therefore, Schutz's (1971) description of the stranger's

x

exper1ence of approaching a new culture, and in particular, the

P

vocabulary he uses to pOrtray the process of social assimilation,

w1ll provide a framework, for examining the children $ comments
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about their strubgle for personalvunderstanding{ ‘During this
struggle, thé children risk leaving the familiar to crgate a

v;rietfrdf mini;theories, or'tentétivé résponseé to the teacher's

science, arises the beginning of ‘a new sense of security (Smith, 1987).

C. Children's St:gggle for Personal Understanding

Thé children's struggle for personal understanding arose ou@
of the children's willingness to approach the teacher's science, to
observe the teacher's sciehce, to construct meanings of the teacher's
science, éﬁd to:judge,whethef they would accept or believe the
mganings they constructed of thé teacher's science. Underlying these
active’mental manipulations were such issues as the children's '
‘loyalty to the teacher, the extent of their belief in the authority
of adults, their willingness to take risks, and their confidence»

in their own intellectual abilities. By examining the words of the

children as they participated in the Sound unit, and by using

_ frameworks provided by Osi?rne and Wittrock (1983,°1985), and

Schutz (1971),'dnre insighé can be gained into hov the children
constructed a personal understanding of the teacher's science.

1. Defining the New Fact

Schutz's (1971) description of the experience of a stranger
offers that the'stranger begins a process of social assimilation

into the new culture by trying to define the new facts. Osborne

‘and Wittrock (1983) say that the“tathway to constructing meaning

begins with selective attention to sensory input, and they further

_describe this attention as involving a voluntary controlled effort.

Regardless of what labels are attached to this phenomenon, it is

important to realize that this is notfan isolated, separate
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phenomenon, but rather it is inevitable tied to the generation of |
links between prior knowledge and sensdry information. ‘and the |

Vinterpretation of that information. However, in order to add some |
clarity and'organization into this discussion about the children's
experiences in §gggg, some arbitrary boundaries need to be drawn.

2 Therefore, for the purposes of this discussion, this section

entitled Defining;fhe New Fact will present the children's

experiences of trying to ascertain the purpose of the lesson or task,
"l

and their experiences gf making observations of tasks and

demonstrations.

a) lesson and Task Purpose

Dur1ng this study, there were 1ns¥ances when the children
were unanimous about their conception of the purpose of the lesson,
aﬁé other occasions when the children held a va;iety of opinions
about both the lesson and itg/purpose. What seems evident from
the‘children;s comments is that a variety of factors influenced

their ability to answer my question regarding the purpose of the

teacher's science. These factors are summarized in Table 6.

. 1) Agreeing About the Purpose of the Lesson or Task
In six of the sixteen lessons in the Sound unit, H
the children were able to agree about the overall purpose of the
lesson. An examination of their ideas about the purpoee of the
lesson reveals that the children displayed different degrees of
insiéht.' During two of thevlessons, the children could only
"aéree that the lesson was about sound. After another lesson, they
" focussed on the new‘materials they manipulated and agfeed that the

purpose was to make sound with tuning forks. In two other lessons



‘ 134
TABLE 6 _ : '
Factors Influencing the Children's Perceptions of

the Purpose of the Teacher's Science
0 -
A. Agreeing About the Purpose of the Lessog*gr Tagk

1. Factors related to the teacher's presentation of the science

a) Novelty of objects used in the lesson
e.g., agree that thé lesson is about tuning forks

b) Repetition of a concept
‘e.g., agree the lesson is about sqund

c) Perception of a meaningful question
e.g., How do people hear?

B. Disagreeing About the Purpose of the Lesson or Task

1. Factors related to the teacher's presentation of the science

a) Level of'difficulty or abstractness of science conéept
e.g., use of an analogy for, how sound travels

b) Level of participation in a deméﬂétration K
e.g., direct participation versus observation

c¢) Format of the lesson i
e.q., inclusion of several related but discrete
activities within one. lesson

2. Factors associated with the children

_ a) Prior ideas about the science concepts
' e.g., ideas about energy and molecules

b) Familiarity with objects used in the lesson
e.g., marbles are used to play games

c) Inclination to wonder about the‘kpose of the lesson

-



they identified the concept of pitch as being the purpose of the
lesson and on November 17th they all recalled the teacher's
question 'How do people hear?; and maintained that this question '
described the purpose Of the lesson. These ideas about making
sound with tuning forks, about pitch, and about the process of
hearing approximated the teacher's intended purpose of the lesson.
The children's comments may imply that factors such as the
novelty of the science méterials, or the repetition of a concept,

or perhaps even the child

S perception of a meaningful question,

may influence children upon the purpose of the lesson.

-

However, at this point ot seem clear or certain what

potentially stood to give riSe to a consensus among the childrep,
and perhaps an examination of instances when the children disagteed .
might pfovide additional insight.

L ]
ii) Disagreeing About the Purpose of the Lesson or

”

Task

On November 13th, the children all observed the
teacher demonstrate rolling marbles along a curtain rod. The
teacher's purpgse for this activity was to provide an analogy for
holr sound travels. The children, however, offered a variety of .
opinions about the purpose of the task, and this made explicit
tﬁat the nature and substance of the connections they made between
the teacher's science and what they already knew was a factor in
their perceptionyof the purpose of the task. Christa réasoned
that the task wvas intended toréhow that force goes through marbles.
Bob talked about how this activity showed thai molecules can push, )

r .

and Samantha thoucht the task demonstrated that vibrations could
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pass through,a row of marbles., The comments, theée éhree children
made may imply that they reallzed the demonstratlon was an analogy

‘ 'for how sound travels, and that they were able to assoc1ate the

1 f’demonstration w1th prev1ous tasks 1nvolv1ng force, molecules, and '

e vibrat1ons

\‘4

Vlctor1a, however, thOught the teacher performed thls

'demonstratlon to show that marbles could make a rattllng sound

A
L

v»"on curtaln,rods V1ctor1a added that these curtaln rods
. resembled the balance beams ln gym class, and she knew that
'balanc1ng was assoc1ated w1th hearlng ’ ,
V., All I heard was . rattllng {marbles] golng doWn [the e
curtain‘rod]. I heard that [balanc1ng has something to do ,

with hearing] . . . 1f you re balanc1ng on a. beam, your o
;ears help you LR _‘-,:‘_ym. v :. ,5 g

: -Although Vlctorla was aware that the demonstratlon had SOmethlng

. ‘sto do Wlth sound, her connent shdws that she dld not reallze:the

g "emonstratlon was an analogy for how - souno travels Tt is dlfflcult

.;to dlscover why Vlctorla dld not recognize the analogy, but she

fney have s1mply found the ldea of an analogy to be d1ff1cult to

-

’chomprehend, or found the concept to be too abstract or puzzllng
lyﬁto understand, or perhaps she dld not hear the teacher s
,announcement about the purpose for the’demonstrat1on, and d1d not _.:?
'feel that another purpose even ex1sted 7 |
Gordon wondered why Mrs L would play marbles 1n the mlddlej”
}fk;of a sc1ence7class. At home, marbles were obJects w1th@wh1ch to
| ;G§2>[My dad and I] had a humungous piece of s string and we I

-moved all the furniture into the hallway and we made a
'Clrcle and we played marbles w1th eac| other.

Y. . B .’
‘ B B B T . " . 3 cow
R
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Not only does Gordon E ctnnent suggest the influence of his homelife,
 but it may also call 1nto question the practice of using conmon, : .
familiar, cmgects in the science program which are intended to -

| ' encourage children to see the science that exists in everyday _

o

obJects and actiV1t1es.“ Clearly, Gordon s comment suggests that

a

the use of everyday obJects can also result in confusion -and difficulty._
. } -

The level of participation in a task could also influence the
ch1ldren s perceptions of . the task's purpose. During the November 20th'“
lesson, the Children explored echoes and the speed of sound out on |

‘:‘ the school s playground. Both Bob and Gordon too an. active part in
’

h1tt1ng together some 'two by four wooden planks as part of a -

demonstratlon to compare the speed of sound w1th the Speed of

e
‘-v

light Their participation, however, seemed to 1nf1uence _their 1
‘ ?t | perceptlon of the task's purpose " Bob and Gordon thought the .
'@‘ demonstratlon was about e%hoes because as they stood in the o
’E playground and h1t the tud by fours togetHEr, they could hear
echoes bounc1ng of f the surrounding houses ‘They were also aware

.theiteacher had announced that this demonstratlon was 1ntended -

'§'1ore the speed of sound Therefore, Bob and Gordon adapted »

;her 's purpose to their own. and reasoned that the sound

‘L The format Qf the ,esson could also 1nfluence the children s
rm .
perceptlons of the task's purpose -In-the November ZOth lesson =

0

‘ 1nvolv1ng the playground act1v1t1es, the teacher chose to include 7

g an actrv1ty about echoes, and an act1v1ty about the speed ‘of. sound.h

L—— : o
Although these two act1v1t1es are related, perhaps their 1nc1usion '
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in the same lesson could have influenced Bob and Gordon to

assume that both‘actiwities vere about echoes, and perhaps this
:might also explain their percept1on that the speed of(sound

-tdemonstration was, in ‘part, about echoes

On November 9th, Gordondconnented that he was unsure about

- Nthe purpose of the. lesson, and his uncertainty about thls aspect

l

of the teacher s sc1ence occurred frequently throughout the

fremainder of the study. At t1mes I wondered 1f he was 51mply hav1ng
‘difflculty w1th the format of the 1nterv1ew questlon or was not
‘ familiar w1th.the vocabulary 1 used. However, in his final
interv1ew he clarified that hlS retlcence to v01ce his op1n10n‘
lfabout the purpose of the lesson was, in part due to the. fact that he ‘
”wasjnot,1n the hablt~of questlonlng why he d1d school 1essons, and

.]he{aﬁﬁo found itzdifficult'to know what'the teacher‘had in her

i'mind" This mlght 1mply that although Gordon was actlvely trylng
to understand the lesson, and was genulnely interested 1n the SC1ence,>_-”

he still felt a. sense of separatlon from the 1essons perhaps

3

'.1because of the source of the sc1ence, or hls'p:éctice of‘not

quest10n1ng the status quo

% L
These examples of times when the chlldfen held a var1ety of

‘ ideas abOut the purpose.of the 1essons and tasks demonstrate

e 7 :
*v'some of the dlscrepanc1es whlch appeared Clearly. in. some

! .
; 1nstances "the pupil—percelvéd purgose for the task 1s not the

- Tteacher-percelwed purpose for tggrtask" (Tasker, 1980, p. 5)

'14‘)%hould$not 1mply that the teacher d1d not clearly

>

S
e

kcxxununldatéﬁthe purposg of the task or lesson, nor should it 1mply

'tfthae the chlldren av01ded trylng to dlscern the overall meanlng

.' \e'“'
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of the teacher's science. Instead, the- children s attempts to

capture the meaning of the teacher s science meant that they had

to relate the science to ideas they already possessed, and this

©owill always result in opinions about the science which’ can be as f

'1‘d1verse as the children themselves.' Therefore, perhaps what‘is

. most. surpris1ng is the tendency to operate on the assumption that
children have opinions about the sc1ence which are congruent with
-the teacher S/ because if children are to come to some personal

. lr", '. ‘,}A
understanding of thé‘ G

‘4'-5"
' nd

e
*\i‘

vﬁéf@onﬁlize the science .
b! Making Observations ‘ ‘ ¢

while they attempt to

between the teache' s purpose and the children s perceived

purpose, were instances when the children agreed about their B

]

observations of the teacher s’ sc1ence, and many times when the
'children disagreed, or showed slight variations, in their
‘~observations The factors which 1nfluenced the children'’ s

)
observations are smnnarized in Table 7 ’

L

i) Agreeing About Their Observations

L o On November 19th, the children vieved a film.

entitled Learnin ng About Sound.r In this film, a dog whistle was

"»blown which, although 1naud1ble to humans, resulted in a dog

.running towards a person with the whistle After the film, the

‘children agreed that they were unable to hear the dog whistle,

and then they ail- proceeded to recount homelife experiences with )
']’dog whistles,~ Perhaps their recognition of a familiar 81tuation,

and their similar, personal, prior eXperiences with dog whistles'

A

g v

et
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TABRE @

Factors Influencing the Children s, observations of

the Teacher's Science

A. 7A§reeing About Their Observations

“1. Factors'related‘to thevteacher's presentation of the science

: a)  Teacher's use of familiar obJects
w{‘& e. g » dog vhistles
" b) Demonstration 1nc1udes obv1ous, dramatlc features :
©. . e.g., sound is louder when a cup is added to the

sound system, marbles roll away from row "

2 . Factors associated mth the children

a) Prior experlences similar to teacher s science *
e g. ' homelife 51tuations 1nvol‘v1ng dog whistles ‘
B. Disagreeing About Their Observations <
Y
1 ,Factors related ‘to the teacher s presentatlon of the sc1ence
-a) Demonstration requlres the children to make fine \
observatlons £.9., number of marbles which roll away
from the row § = ‘
&» .
b) Level of difficulty of the act1v1ty
e.g., construqtmg purple ears . o
. 3%
) - Sch‘éduling of the act1v1ty 8 , ;)
.+ e.g., prior to recess _ . _ . h'd
2. Factors assoc1ated w1th the children , - N

.

a)v 'vPrlor experiences w1th science phenomenon
'~ e.dg., sound is sllghtlx louder or much 1ouder

b): Antic1pat10n of the activity outcome
S - P g., purple ears must mlifz sound :

) Strategic 1nattent10n . ‘
: e.g., not- paymg attentigp to the demonstratlon

3. V_Factors associated w1th the research de51gn‘

a,) Interview ‘situation 1nvolves risk for~therChild
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in part influenced their consensus. However, there‘seemed to be o
many more times when the children displayed some variation among
thelr observations Perhaps byegﬁmdnlng moments of disparity, it

w1ll be more clear what seems to be 1nfluencing the children s

‘observations.

-

ii) Disagreeing About Their Observations
On several occasions, the children agreed with
each other about the immediately obvious, grosser features of the

demonstration or activity( and yet disagreed about the finer aspects

‘of the demonstration or activity After the November 12th lesson,

the chlldren agreed that by addlng a cup to the sound system, the
sound‘of the elastic was louder. However, Victoria claimed the
sound was slightly’ louder while Christa maintained that the sound was
much louder. Perhaps.the.girls' answerSfare Simply a.matter of
semantics, but perhaps their answers*do imply that.when they compared
the' sound to the1r prior knowledge of ampl1ficat10n, they each
arrived at a personal observatlon .of the teacher's science.

Dur1ng the November 13th lesson, the childgen watched the

teacher's demonstration with the marbles and curtain rods. Although

it seemed clear to me that the same number of marbles rolled away

from the marble row as.were rolled towards ‘the row, . the children did
not necessarlly make . th1s observatlon, and I wondered 1f my past

experlence w1th this demonstrat1on and my ant1c1pation of the results

-

influenced me. ‘
After Victorla watched this demonstration, she maintained that
when the teacher rolled two marbles towards the marble row, only

one marble rolled away. Samantha cla1med that two marbles made three



roll away. Althou.ghﬂ the giris' cam\ents establish tha_t they had
ndted 'the obvious movement of the‘ marbles, they still arrived at
their own individual conclusions. This was in spite of’ tﬂe teacher'
specifically asking the children in the class, 'Why did the same
) number of marbles roll off the end of the row as were rolled
towards the row?', and one child remarking that 'it is like the
same mrbles come out again'. Perhaps such issues as anticipation,‘-
prior\knowledge, strategic inatten‘tion, or the skills required to »
make an accurate observation of the finer points of the teacher's
science, could have played a roll. in‘inflnencing' the cirls' '
'cotrme'nts. ’ o . | |

On Noirembéri?th, the. children participated in the gagple
ear activity which was intended to provide the children ;!-: another
- experience of amplirication. After the activity, Samantha claimed
that she could hear sounds better w1thout wearing the purple ears.
| 'Christa maintained that the purple ears made no effect on the sound
Gordon obs’erved that when he WOre hlS purplevears, sodnds appeared -
much louder. In this lesson, it seemed that the children were
_unahle to. agree on even the gross features of the activity. Perhaps
this was. in part: due to the nature.of the task itse;f - Some | .
children experienced difficulty constructing their purple ears
and others foundl it challenging to k&p. the purple ears attached
vto their own ears. Also, this activity took 'place near the end of

the lesson and the children were obvmusly ant1c1pat1ng the 1mpend1n

142
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g

recess. Perhaps if factors 1nvolved the construction of the purple

 ears had been controlled, and the roogdy

been perfectly quiet, the

‘chiildren would have displayed | greater"c_onsensus among their

Vo
i
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ob_servations.‘ Also, maybe Gordon's comment about the efficacy of |
the pufple ears. implies that he had anticipated the amplifying
affect of “the purple ea'rsl because a previous ‘less‘on‘ha_d- fr;troduced :
., the word amplify, and this ’v'tord had once again been included in the

purple ear lesson. 'I‘hese instant‘:es\of discrepancies ng the
. children's observations suggest the role that suc}%:-:rs as
anticipation, prior k’nowledge. vformer sciencev lessons, attention,
the nature of the\task‘, and the skills of the children might play
1n the‘ children's observations of the teacl:er's science.

In addition to these times of agreement and disagreement were -

a small number of instances when the children had difficulty

recalling their observations of the lesson.

iii) Strategic Inattention

Sometimes the children found' it difficult to

: remember the'content of the lesson, or recalled details which' ivere
not presented durlng the JeB5BD, or were unable to recall the
observations they made 'while hlanlpulatmg materials. One reason
for ‘these difficulties was offered by Victoria when she admitted
- that she could not prov1de an explanatmn for the sound-absorbing
quality of acoustlc tile because she was not 'paying'attention. "
Shapiro (1987) also encountered a student in her study who
adnutted to 1£ttent10n, and Shapiro (1987) commented that it

) seemed the Chlld'S attention was dependent on his interest and

| curdosity in the teacher s science. McClelland (1984) has
a;gued that students’ "strateglc 1nattent10n" mighjge be a more
'parsimonlous and probable explanation for why children have

.m1staken the purpose of a sc1ence act1v1ty than an explanatioh
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"in terms of different conceptions held by teacher and pupils" (p. 5),

,'Certainly,,if children are not attending to the lesson this %Tmm;wwgh_

]
obviously stands to affect their perception of the lesson' s purpose,

fand their,degree of personal understanding.‘ What is probably most

Gy

prominenéjin this study, however, is the observation that strategic

inattention seemed only rarely to occur in‘this particular situation.

Perhaps another explanation which might account for some
- children's difficulties with‘recalllng lesson details involves
the interview itself. Implicit pressures may be brought to bear
on a child during an interv1ew situatlon (Claxton, 1986; Driver, &
~Erickson, 1983; Driver, Guesne, & Tiberghlen, 1985 MCClelland
 1984; Osborne, & Gilbert, 1980). Weber (1986) descrlbes the
‘interﬁiew_sitnation_as holding the,potentialbfor trust and
'commitment, and as holding the potential for abuse or betrayal;
Both,thelchild and the interviewer run the risk of revealing.
themselves, and if children are aware ofvthis~risk, and are overly
_concerned with pleasing others, or feel they must always offer
some answer, it is only reasonable to assume that the content of f‘
their answers might stand to be affected. ' Therefore, perhaps
children's 1nabllity to recall 1nformat10n about: the sc1ence lesson,
or‘thelr w1111ngness‘to offer details which were not presented, ,
might in part be explalned by the’technique'used to uncover their .
ideast | |
c) Summary Discussion

JrhesefeXamples of consensus and disagreement reveal

that each child was unique and brought dlfferent past experiences

and knowledge to the learning 31tuat10n This background knowledge



could result in a variety of outcomes including‘momsnts ﬁhen
children made similar observations, made different observations,
perceived the teacher's intent, or formulatsd their own purpose
for the‘task.of lesson: This knowledge could affec£ the children's
anticigation of the lesson, and possiply sould affect tﬁeir ability
to cope with ﬁhe*lesson. Additionally, such factors as attention
to the tsachefjs ssience, the format of the lesson, the level of
pérticipatigs in the lesson, the objects included in the lesson,
and the difficultyﬁof the tsacher‘s science could also influencé
the childréﬁ's peséeption of the science. . o )
Drlver, Guesne, and Tiberghien (1985) have made similar
observatlons about the diverse 1nterpretations children may display

in science and it seems that Tasker's (1980) statement about the

d1ff1cult1es this may pose for teachers is correct. Tasker (1980)

wrote that "wha es sc1ence teaching based on pupil involvement

with investigative tasks so difficult is that any one factor is
v
often sufficient to prevent pupils having the expected

experiences" (p. 11). .

/

Perhaps any d1scu551on which establishes.that children do not
necessarlly make the observatlons and percelve the purposes

intended by the teacher naturally leads to concerns about how

classr@om teachers should react to this information. Osborne ({985)

suggests that diScrepanCies should be "identified and discussed [before]

much of the value of the‘iesson can be lost" (p. 17). Pérhaps,
however, there are additional educational and ethical issues )
involved in a concern about discrepancies.

If .discrepancies among the children's comments are simply

145
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an outward indication of the children's struggle for\personal
understanding)ithen perhaps we should ask if it'is wise to
interfere in this pgocess, and if teachers even possess the power
to influence much of this aspect of personal understanding Also,
'perhaps we should ask if it is even ethical to demand that children
modify their ideas about the teacher's science. Conversely, it
would seem only reasonable to expect that teachers concerned with’
impending exams and evaluations would desire that students should
perceive the intended purpose of a 1esson,"nd make observations
which the teacher planned they would make. Certainly, this issue
presents a dilemma for educators and researchers which may prove
difficult to resolve. - | - .

The ehildren's previous comments about the purpose of the
lessons and the variety of observations they made about the lessons
vamoné other factors, point to the importance of the nature of the
links children make between their own knewledge and the teacher's
science. At times, these links allowed the children to perceive the
teacher's 1ntent, and at other times, these links seemed to 1nf1uence
the children to form a variety of 1deas about the teacher's sc1ence.
In the following section, I present the kinds of links the children
made during the study, and the challenges they faced attemptlng
to make connections between the ideas contained within those lessons.

2. Linking With the Familiar"

The children's comments about the observations they made
" and ‘the purposes they attached to various activities and lessons,
revealed that such issues as anticipation, prior,knowledge about

sound, former science lessohs, and homeiifg experiences could affect
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their ability to cope with the lesson. The reason these &asues~
could affect the children's ideas is that the children related the B
,~ *

teacher's science to what they already knew, and this act of )
relating or linking cpuld result in the children making similar %EE} %
observations, different observations, perceiving the teacher's |
'intent,.or formulating their own purpose for che task or 1essoc.

Schutz (1971) recognizes this phenomenon of. '1inking with
the familiar' when he states that

the approaching stranger: has to 'translate’ [the new
culture's] terms into terms of the cultural:-pattern of
"his [or her] home group, provided that, within the latter,
interpretive equivalents exist at all. If they exist, the
translated terms may be understood and remembered; they

can .be recognized by recurrence, they are at hand but not

in hand. (p. 99) .
. Osborne and Wittrock (1983) have noted that the construction of :‘
personal understanding involves e 'linking with the familiar', and
they offer that "tentative links [are] made and tentative meanings
constructed prior to the final construction of meaning" (p. 494).
Psborne and Wittrock (1985) also have reviewed research pertaining
to children's connections and conclude that "it would appear that
pupils have' no difficulty generating links from sensory input to
existing ideas" (p. 69).

Certainly, the children in this study made links and
constructed explanations which evolved and changed as the science
unit progressed. However, the terminology that Osborne and
Wittrock (1953, 1985) have selected to describe children making
links may be misleading. A phrage such as 'generating links

from sensory input to existing ideas' suggests that children

rigidly employed. some mechanical approach to the science. Instead,
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the children in this ‘stqu at times showed that. there was a creati\}e.
imaginaﬁive element to their approach to the teacher's sci ﬁce,
and that perhaps this creativity was a precursdr to the liﬁks they

made.

>, i S
'a) Creative Element . ~

Driver (1981) has warned that we would be mistaken
if v;e concluded tﬁat children arrive at their alternative
frameworks simply .ﬁh._rough the process of induction. She adds
that "there is also a creatjve and imaginative element invqlved oh
the.part of each Ehild in cdonst“:ructing [the] nxéanings /he [or shé]
imposes on eizents" (Driver, 1981, p. 95))

On’ November 9th, the children watched a fllm which contamed

. examples of obJects capable of makmg sounds. One of these Oble{:tS;

vas a cello and while it was played," wavy lines appeared on the"«“w 3 »

the cello. Victoria, however, expounded upon this demonstx:at,wm

and in doing so she exposed the creativity and whi 5§ ni
her final explanation. ‘

Vi Well, you know [what]‘me and my friend were doi
were trying to see what [the wavy lines] were. §
one was a mountain ahd one was a monster. Okay§
they hook something onto [the osc1110scope] Y¢

that thing in the hospital and when it goes str; :
means you're not being good. Like, you're ,ve K
means signs of life there. But, it's d1fferen ghi Lk &




;Science, and they used this knowledge to help th’em interpret the
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-wonder if this approach was also taken by other children. ‘Perhapad'
&

one difficulty other children might have had with revealing thias
creative approach could have resided with my questioning. Asking
the chtldren:for their explanations of the science could resuit
in the children providing their final explanations and telling me
what infiuenced their ideas, and at the same time excluding the
entire process which result.gd in their explanation. Also, it is
difficult to recall and regeat what was probably a rapid, |
imagmatlve sequence of. thought. Further, perhaps the childfen
ruled out this cx\atlve element as a viable part Sof explaining
science, especially if they felt that the school system only
required and rewarded their finaly'explenations. Regardless of the
reason for what cduld be the children's reticence about revealing -
this creative element, Victoria's comment esteblishes that ¢it'did ‘
exist, and we can wonder about. it§*br§£@lence. vw |: ‘n
This recognition. of a creetive 'ele;nent in‘making links, and the
ini‘pol*tanc.e of links in the children's struggle for understanding,

leads to an examination of instances when the children spoke about
the actual links they made during the Sound unit. The factors °
which influenced these links are summarized in Table 8.

b) Linkinngith the Child's Homelife

The children frequentleg\ referred to experiences from
thelr homelives which seemed similar to some aspect of the teacher's
) : . , H
lesson.” Some of the links they made aided their understanding of

the teacher's science, while other links seemed to have the potential

. to cause future difficulty. A%so, the chlldren tended to refer to
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| TABLEs, R

T e Factors Influencing the Chlldren s Construction of
.

Llhks to Existing Knowledg_

R W Factors Related to the Teacher's Presentation of the Lesson c
s ' . Tt s ;’ ! , .

1. Use of a simllar p rase ‘ :
‘e, g., small b1ts of matter - small bltS of somethlng

'gzl USe of a 51tuat10n which requlres 51milar cond1t1ons
-1 g., bells need air to r1ng people need air to breathe

d3. Use of a fam111ar top1c or concept ; ‘
' .;e e ampllficatlon, ear 1nfect10ns, hearlng d1stant
' sounds B - . S R

4;‘ Use of identical. words ¢ . we RERTE
e.9g., v1bration, energy - L e
"fs.m'Use of similar sounds a : S
e g., sound% in'a, rallway track - sounds 1n a volleyball SN

oA “pole
6. Use of similar act1v1t1es : _ .,
: e. g.r. llnes of g1rls = 11nes of boys -
yooo -‘-71_.Use of - act1v1t1es Wthh have s1m11ar explanatlons or

'underlylng concepts :
., e.g., pitch is related to how fast a stlck, comb, or
R blcycle wheel is mov1ng

, B} Factors Assoc1ated W1th the Chlldren S -

"-l; Varlety of past experlences 7"d;':. B

ReRg

a2 Intellectual ablllty or maturity © = :
S -7 ‘e.g., reliance on-identical objects, actlons, or
e : _ vocabulary to make connectlons :

‘]“C.' Factors Assoc1ated W1th the Research De51gn

o

'l; IntervleW-51tuat1on_may be tedlousafor the child



their homelives with greater frequency towards the beginning of the
| ‘ ougd unit, as the unit progressed, they wvere more likely to attempt

" to link the teacher 3 science to

L.‘to in prev1ous science 1essons..u-‘g,-Vtrﬁ.V.m

On November 13th, Bob struggled w1 ea of moiecules,

,and then wondered 1f a prevrous conversan th his brother could B
‘a551st him in understanding this concegt
B: ‘The air, there is stuff- in 1t My ‘brother told me
\"‘that once, 1like he told me, I forget what they’ re called.
. ... He'said in'the car there is all this dust that we
:”breathe and there- are Iittle ‘things floating. He said
- they were molecules or something I'm not sure '
:'In this comment, Bob 1mplies that the teacher s description of.

‘:,molecules as being small bltS of ‘matter that are.-so.. small they

.v“cannot be seen' reminded him of other ’small bits of something
‘which~h1s.brother described‘as being in the air This might imply4
- that the teacher s use of ‘a phrase which is- 31m11ar to a phrase |
*»'w1th which the ch1ld'1s already familiar, may give rise to the ¥
<*£ formulation of 11nk between the teacher S. sc1ence and what the L;)/ :
'i.Chlld already knCWs- "w n' : ka" ‘s.' R -
| During the November 19th lesson, Victoria v1ewed a film in
‘_iwhich air was. removed from a Jar in which a bell. was suspended ,‘y]
Consequently, the children could no longer hear the bell even S
though the clapper continued to: move. Victoria explained
’.vgi But, maybe it has something to do if you' take away
[air], with a bell. and smoke, eh? And there's no more
f' air;, [the bell] stops. ~Sort of like us. We stop
breathing when there S no more air. : e ’
:Victoria links the bell demonstrationato her prior knowledge about

3

' breathing, and she draws a parallel between breathing and ringing

N B o o ,',‘.-‘
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'beiis; Perhapsfthis‘iskdue'to Victoria obseryiho that air seemed
important to the denonstration and relatipg this obserVation to
another situation where air :eened importaétq. This might imply

that the teacher's presentation of a demonstritibn which required*t“

conditlons similar to the conditions necesSary for another

phenomenon, can give rise to the formation of .a link between ‘the

L4

teacher 5. science and what the chlld aiready knows. In a‘later |

lesson,"the.teacher performed thls demonS@%ation for the children

and Victorla maintalned that the clapper'should have stopped mov1ng

because all the air had been removed

Ve . because 1t is like your heart. When youystop‘
breathlng, your heart stops ' S ; .-

In this example, Victoria s obV1ous 11nk1ng of the %eacher 's science -

to her homelife resulted in a 51tuat10n that could stand to affect ‘

her potential understandlng of, and consensus with, the teacher 5

_ science. ,’ o : . ,

-~

Anothet s;tbation Wthh arose- durlng the teacher s :

presentatlon of thp 5c1ence 1nvolved tlmes when children '

v

1nterrupted her to relate storles which they perceived to be’ related

u

td the lesson Although theée stories arose in many 1essOns, they

»seemed particularIYJnumerous on November lfﬁakwhen the teacher dealt

.

e
I

|
: reAresent attempts by the children to relate the teacher s

W-‘ '. .v’\ l' i .
with the question, 'How do. we hear°' During,thls lesson, the S m

children told stories abbut ear 1nfect10ns, var1ous ear g:seases,
Lo
pe%ple they knew who had hearing problems, and friends who had tubes

placed in their ears Although these stories could delay a lesson,

perhaps leadgto concerns about available time, they do -

o .
5
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- science to their homelives; Barfes (1976) maintains that the

"[child's stories] constitute his [or'her] starting point,’the'
source of the understanding which he [or she] will bring to [the
.teacher 's science]" (p 117) o R .

In addition to 1nstances when the children related the teacher'
sc1ence to ‘their broad range of homelife experiences, there were

times when the ch1ldren linked the lesson to some of the ideas

Y

about sound they held prior to the cannencement of the Sound un1t

c) L1nkingﬁW1th the Chlld s lnitial Ideas

PR

The chlldren s. 1n1t1a1 1deas abOut sound could both

assist and hamper thelr ab111ty to accept and potentlallyn
',understand the teacher s. sc1ence S
| V1ctor1a was conf1dent prlor to‘the cbmmencement of the unit
that sound travelled by v1brat10ns which she described as. being
'~'1ma§1nary 11nes capable of floatlng through the air ' Dur1ng '
the Nbvember 10th lesson, the teacher 1ntroduced the term vibrgggzg
| and V1ctor1a was able to 11nk thls term w1th her prior use of the .
“term v1brat10n, and consequently deflned v1brations as '1maginary -
11nes " Add1t10nally, on November 12th V1ctor1a noted that her
.sound system could amplify sound and she 1ntegrated this information
‘ w1th her prior ideas of amp11f1cat10n and concluded that sound ;ﬁ.]fp;.
' 'could also be ampl1f1ed by ) ;~"'i"'ef°~:c'i‘< o \r: ;‘~i7”h
ks ViU .. hav1ng a blgger thing And’ {sound] can get | i$={j |

loud by ‘an echo. Like in the. mountains when you=yell 47fﬁiﬂ
something, together it all sounds 1oud. " K

f:‘These examples reveal that the teacp_r s*jﬁe of an identical word
(e.g., v1brat10n), or her presentag%on‘of a famlllar concept
3

(e g-.., ampl1f1cat10n), resulted 1n V1ctor1a being able to ‘make

1? ' N " ™ ,;‘.,li\;xf.ﬁ, Ty

-t
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links between her prior 1ﬁeas and the teacher s science which eould

potentially help. or h1nder her future understanding of some of the

,science concepts» . - L g e ,T;; o

There were 1nstances, however, when the children s prior ideas

9

\ about soundaseemed to take-precedence over the teacher's’ science

and perhaps prevente the children from arr1v1ng at ‘greater -

A_r 13th, the teacher 1ntroduced the term
LS

‘ "energy and related it to the 1dea that 'molecules lose a bit of

’)

: an& Samantha made no reference to thls alternative definitlon of

‘ energy, and instead repeated thelr 1n1tial ideas about energy belng

4% X ,‘5"

glng appliances 1nto wall outlets, us1ng batterles,
eating ded such as’ sugar, getting energy from sleeping, and

needing energy to move, The children's answers m y suggest that at
.’.ﬂ

energy‘each time they pass on a force ! However, Victoria, Gordon,i -

t1mes\they held onto thelr prior 1deas w1th great tenac1ty, or. that

‘they 51mp1y found the teacher s sc1ence to be 1ncomprehen51ble, or

T

that tpeir own 1deas seened more sens1ble and concrete than the .

» teacher s, sc1ence Regardless of why the children repeated these

r

%
def1n1tions, it still stands that the teacher s use of a word

which was 1dentacal to one they had prev1ously deflned, resulted
Q.

in- the children formulatimg'links between the teacher ‘s science

and what they already knew

\"’""

d) Linklng to Other SubJect Areas

On November.thh, Mrs L mentioned as a m1nor po1nt

1n thuglesson that her 1nab111ty to hear distant objects was the

result of energy 'wearing out. H0wever, Gordon arrived at the

a

F\LOppOSlte conclusion that 1t was poss1b1e to hear distant ObJeCtS,

%

1~54 '
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fhl:é to the influence of'his-experiences in gym class.

,'7 e believe that you cah hear things farther away

f - the kids, when they take up all the Newcome
_m.nets, we.always go down to the far one and [we) «.. ... .
“gan still ‘hear ‘the bell loud and clear.

This‘comment, like the children s definitions of energy, might
agaih suggest that experiences from their personal lives can
outweigh the teacher'S'sc1ence, ‘and could result‘in the children .
;coming to possess a variety of alternative 1deas about the science.
Also, thls example reveals that Gordon made a link Petween the .

| teacher s statement about hearing obJects and an experience in his

11fe Where he has the opportunity to hear distant obJects, and this

o alloved him. to make a Judgement about the believability of the

teacher's science. . - Oy -

In contrast to the outcome of Gordon's thinking was Victoria S
reaction to an aspect of the film which she v1ewed on November 19.
In this film, a boy used a stethoscope to listen to sounds
travelllng through a railway track V1ctor1a related the sounds
| the boy heard to 51m11ar sounds she had heard in gym class while ‘

sw1ng1ng around,the poles whlch supported the ‘school's volleyball
net. '
V: I was swinging around [the pole] and my friend had her
&) . ‘ear to the pole on the other side. _She could hear the _
screeching of me. And then she did it and 1 could hear -
her. It had something to do with that. Vibratiens go
through over to the stethoscope o
jAgain, V1ctor1a s recognition of ‘a sound with which she was already
'familiar -allowed her to make a connection to the teacher 5 science .

which potentially could a551st her 1n coming to a personal

- understanding of the science.

+ -
Wi i
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e) .Linkigg to Other Sound Lessons

During'the Sound unit, Mrs. L introduced concepts

and ideas whiah %re explored in several lessons, -and which formed o

 the backq_ _ for explaining future activities and | i

: "deinonstrationé. ‘Therefore, it was important that the childrén
~should peréeive' linJés ‘between lessons because Mrs.. L planned that
these links would form a basis for understanding the §_q_q_n_g_ concepts.

As the Sound un.it progressed, the children vere more likely
to attempt to interpret .the teacher s sc1ence by making iinks _

: ‘between the new sc1ence, and the sc1ence they remembered from
previous __J lessans.  Unlike the links the children made to .

‘ their homelives, to initial ideas, and to experiences in other e
subJect area‘s, it seemed that the children were more willing to .
modify or disqard their newly acquired ideas about sound than they
were Willing to change their minds about their initial ideas. Also,
their newly acqmred science ideas seemed to result in the children <
increasingiy anticipatino the results of the'téaCher's R .

‘ demonstrations and " a'ctiirities, .and thissometimes led to the
children displaying a _.v.ariety of -Yideas about the .scienc':e.' Finall:y’,

. ) ". ) N . . . . . o v
‘the children would sometimes use ideas' in the present lesson to

. ,prlain and expand upon science ideas from preVious lessons In

this way, not only ‘vere the children making connections between

bl

e ideas piesented in the Sound unit, but . these connections 'were

charactez iz¥d b¥ an osc111ation which allowed the children both _
v' ;;w ‘,. .
) to anticipate the sc1ence to explairr earlier ideas.

LY

'; Linkin 'édt&ther I.essons
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lesson gé former lessons and tl! oould result in the children ;

v,experiencing a sense of conflict and confusion. On November 19th,

_watched a film which showed ‘a diver ringing a bell but found

/
fusmg because he recalled from a previous lesson that a

" this
bell suspended in a jar required the presence of air‘efore he could
_heé{ t?e sound of the bell.. Ix this lesson, he observed that the
underwater bell obvmus],y‘}%ng in the absence of air. Bob concluded
that he vas puzzled Lbout t’his apparent conflict. | | |

on other occaslons, the links the children made to other

lessons could enﬁance their understanding of the lesson. During

the November 13th lESQ'Oﬂ L_t_ihe teacher presented demonstrations

'mvolvmg marbles, Slinkies,/ and lines of ‘children Afterwards,
Bob related these new 1deas to the lesson. in which he assembled

a sound system, and remarked that molecules must also be involved
i in amplifylng sound .. |

B: Kind of when we used cups, the sound’ travelled from

the:elastic. The molecules ‘travellea@: _nto the cup and
made a sound. : -

'I'h1s f:omment implies that Bob was able to lmk an =explanation from
the current class to another situation in which he reasoned that

sound also had to be travelllng

In thlS same 1esson, Christa recalled the teacher s previous

' 1nstruction involving v1brat10n, movement, and force -'and sunmarized

C: Everythmg hag some kind of movement. 'I'here was the
vibration witicH vas the mOvement, and there tvasf the push
vhich was the movement “You needed some kind "f- force.
The movements were all fast. :

u
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about the teache‘r's-‘scien.ce.' | .
o ,"Ihe_se comnents byf Christ;_;gwand Bob demonstrate the intelligent
and impressive thinking of which the children were cap‘able.‘ ‘
Certainly, the links‘made by the children establish that they were
| actively trying to understand and personalize the teacher's*{science.

During other science lessons, the teacher's use of activities .
which were similar to those presented in prev1ous lessons allowed
the children to 1dent1fy links between lessons. Probably the'mpst
obvious example arose during the November 17th lesson. when all the
children. reoognlzed that the demonstratmn mvolvmg lines of boys
paralleled the» teacher s previous demonstration with a line of
,girls. A more challenglng example was contained in the November 20th
les_son:.wheh the teacher orchestrated a playground demonstration |
of thé‘f épeed of'sound ' At that time, only Christa and Samantha.

recogmzed that this demonstratlon was anar to the

demonstratlon ‘they viewed in a fllm during the previous lesson.

-y

. .C: We did more or less ‘the same thing [as we saw on the
' film]. We leargii about the sticks which was more or o
less exactly the same as the gun : ' L 4

*
'I"his latter example may imply that such factors as the ch1ld s
‘ mtelleotual competence or maturity could affect h1s or her

abllity to make connections between lessons which requ1red more

just recogmzmg obv1ously smllar demonstratlons. Certamly

study, Chrlsta, Bob, and Samantha were more llkely tha

hfomtlon. or the reoognltlon of events : which ,Wgre

similar but not identical. 'Perhaps by examining instanges when

P L
L.
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the chlldren were unable to link together sound lessons we can

»

| ‘3,‘ gain more insight into this phenomenon.

- ii)} Seeing the Lessongas an Isolated Event

i
ih

ﬂ‘victoria and Gordon were most llkely to

A

encounter dlfflculty with percef\ing connections between lessons
in the Sound un1t Their dlfflcultlés first came to light in the
November 9th science class when they both claimed that this

1esson seemeq separate from other lessons. Victoria reasoned ‘that

)
\

the use of a p1ece of paper to make\sounds in the prev1ous 1esson,
and the lack of paper in theégurrent 1esson,hdemonstrated that the
lessons were unrelated This comment was the'first indication
.that Vlctorla s ablllty to make connections between lessons could
v “be 1nfluenced by the actual objects whlch were used in each class.
. Gordon thought the November 9th lesson was separate because not
only did he fail to/see a connectlon, ‘but like his difficulty in"’
perce1v1ng the purpose of the lesson, - he "could not read the
.seacher s mlnd" to see if she had intended a 11nk This suggests

that he was also experiencing difficulty perceiving the overall

unit structure and had somehow missed the significance of the

teacher\s review of the previous lesson. - )
on N r 10, Victoria repeated her rationale that the

lesson'was separate from other lessons because of the use of
different objects. Gotaon reasoned,Jhowever, that the lesson was,
‘separate because the elastics in the previous class did not vibrate
while today's tuningyfork g;g vibrate. ' Perhaps at.thisbtime Gordon
was able to essociate the‘term vibration only with the object which

the teacher used to introduce theyterm, and I wondered if he would \
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eventually expand h&s definition to includé a range of objects.
After the November 12th lesson, Vidforia offered comments
which seemed to reinforcélthe ideg that She relied,on obvious
congruities to make links between-lessons. In this lesson,
Victoria stated that she reéognized connections to other lessons
because she had already used tuning forks and hockey pucks, and the
pulling action she maaé on the elastic‘band was identical fd actions
she had done in previous lessons. Gordon aiso identified the use of
identical objecté as being an indication this lesson was
connected to otherAsciénce‘ciasses.
| At this point, it seemed obvious that Victoria, and to some
extent, Gofdon relied on the inclusion of identical objects,
actions, and vocabulary to draw connections between lessons in the
Sound unit. However, on Novembe? 24th when the‘childrén - «
participated in the tin can telephone and rubber hose activities,
éll five éhildren seemed to experience some difficulty in
1dent1fy1ng how this class was connected to previous lessons.
Christa 51mp1y offered that today's class also dealt with sound, and
Samantha reasoned that there must be a«connection because this
“was a science class. However, Samantha added that she was unsure
about the nature of this connection becadse she had never used tin‘
can telephones and a rubber hose in any other class. Bob did not
identify any conneétions, and Victoria cdnnented that although
tih can telephbhes dig havé something to do with vibration, today's
class seemed- separate because they had never before used tin can
telephones. These comments mlght suggest that for some children,

perhaps the novelty of the objects interfered with their ability 7
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to make connections between this and other science lessons. Also,
‘children Gigbhad pfe§iouély 6fféred cdmplex answers ab§ut connéctiﬁﬁs’
between lessons could also rience difficulty identifying
coﬁaections between other lessohs. I further wondered if the
children's answers were in part influenced by the interview siﬁuation.
The children had participate®™ih the lesson during tﬁei{ first
_period in the morning aﬁd“ eir interviews took place in the
afternoon. I wondered if the length of time that had passed, my
‘repetitious questions, and the length of the interﬁiews vere |
becoming tedious for the children; |

These conments‘establisﬁ that for ;he children in this study,
the inclusion of identical or similar objects, situatigns, words,
and demonstrations could be important factors in their ability to
make connections between lessons in the Sound unit. The links
that they made could result in the children maintaining that the
lessons were unrelated, related, confusing, or understandable. The

‘
final kind of link the children made involved making connections
between demonstrations and.activities contained within the same

+

lesson. . o . .

f) Liﬁk;;g¥to Concepts and jasks Within the Same Lesson
’ Frequently, the teacher‘iqcludéd a number of‘related
tésks within the context of a lesson, aqd i@ seemed imporgant that
the children perceive cémmonalities between these iasks in order
to move towards an, understanding of the entirevieSSOn.‘
On November 30th, Christa pqrticipaéed in.aé%ivitieé
involving running a card over a_comb, "twanging" é stick, and holding

a card against a spinning bicyclé tire. She was able to perceive
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_commonalities between these activities and summarized them this ﬁqy:
C: Well, with the camb, [the movement] was fast, and :

[the.gound] is high. So, I guess, [in regard to
the stick], it's like, the shorter [the stick], the
higher: the pitch, [and in regard to the bicycle],
the faster [the wheel spins], the higher the pitch.
However, there seemed to be more instances when the children
experienced difficulty perceiving themes and commonalities within
[
a lesson. On November 10th, Gordon used the term vibration to
explain the movement of his tuning fork but he did not use this
- same word Egaexplain the appearance of lines on the strface of the
water within which he had dipped his tuning fork. On November 26,
Bob observed that sounds were louder when he listened with his ear
on the table, and he explained that he thouéht this Vas because
ti
'sound travels faster thréugh solids.' However, he did not use this
explanation to explain the louder sound he heard through the air
register and admitted that he found this activity to be puzzling.
0 -
B: I'm not really sure about that. I don't know. Maybe
because you have your ear closer to [the air register]
or samething. , . '
Driver, Guesne, and Tiberghien (1985) have also observed children's

difficulties with applying the same explanation to more than one

C’”

’ .
demonstration, and they have offered that this is an example of

context dependency. They reason that children can utilize_a‘vaqiety
of explanations to "i?tefpret.situatioﬁs which a .scientist would

explain in the same way" (p. 196). Like the children's comments
about connegtions:betwéen lessons, this phenomenon also has some
obvious‘impliéations for science teaching.

'q) Summary Discussion

B

' The children in the studx;éére capable of making_§;\

EVE
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i
overwhelming number of links between the teacher's" sclance and what

4

they already knew. ™ This observation is in contrast to Biddulph'

(1982b) classroom research on children in science where he: claimeg
that "there was little real linking of new knowledge to the ideas 3

 already held by children" (p. 4), and that "differences rather than .
]

similaritles between objects and events caught [the children sl’

attention" (p. 10). What could be said about the children's comments

. AN
in this study is that although the children hoticed the unfamiliar

and novel tggx,‘requently used the familiar Yo make links to what

*

they already knew

i

W Thls"'llnklngowith the famlliar' dependéd upon situational

'&nf: factors séch aslthe words the teacher used dur1ng the lesson and

.
.
]

. ; theﬁhatur? of the tasks and demonstratlons, and depended upon -

W
"

. cognltive factors such as the coritent 3nd scope of the children's
e - LR

‘*ﬁrlothknowlque abopt sound, and the children's intellectual

: A : .
. abllltmes '*Spme@lmes the teachet had to use .identical words (e.q.,
”J !vel"
*,vxbratlon), actlons (e. g . pulllng), or ObJeCtS (e.qg:, paper), while
. o oﬁher occa31ons the use bf 31m11ar phrases (e. g small bits of
1 ’V g ;n‘ LEU

nattef) énd demonstratlons (e.g.., lines of girls) could result in

‘d R

the chlldren maklng hlnks between the teacher's science and what

they already xnew Sdme children possessed the clarity of vision
dﬂ ¥

whlch éllowed them apparently effortlessly to perceive cOmplex
and 1ns1ghtful connections between ideas and 1essons

'C: All of the [obJects] had a vibration. The pop,
bottles had the air, the beakers I guess had the beaker
&’ vibrate, or something, the comb had the teeth, the wheel
. had the card, the stick had the stick, and the elastic
on the box had the elastic v1brat1ng They all had
something v1brat1ng :

)



“ :.-‘-“Other children were more perceptually dependent and at times found
o Q

E ‘it difficult to make connections because of their apparent

ependency on the usemof dgntigal words, objects ¥ and actions. =

Q S v There wWas no connect:.on because we d1dn't hardly use any
' 3 ' metal yesterday And tbday, we used metal o :
AR : \
RS Also, there existed more of a creative element to the chlldren s

‘connections than what appea?ed in theJ.rt §

@

4 . S

"exploration 1nto thlS 1mag1nat1ve element mlght prov1de clues that

could a551st in 1nterpret1ng 11n}€s children make. ' “
DRRTIY S

"I‘he children s comnents about 11nks ‘and their prev1ous conments o

. 'about defining the new fact show £hat as the chlldren related the B

o l'teacherﬂ's science to 'what they”‘ already knew, they began to construct L

personal meamngs of the teacher s sc1ence For example, when

V1ctoria L':oncluded that the teacher s marble demonstratlon showed

B that marb,les could make sound, or when Gordon reasoned that tun1 /

v

forks%did ot vibrate, these 1deas formed a part of the personal

;vey were constructing for the teacher s sc1ence whlch

k

~_ed in those lessons.

»

_e beginnlng of thls chapter, howeve A the childrenvs <

struggle for unéerstandmg was likened to ES stranger approachmg

a .new culture, and I Offered that 'the stranger s experience

s knew, but could also méolve the emotions and personality of H&e ff“: .’

., A~ : ‘

s 'marble demonstratlon showed that marblels/could make sound, or Gordqn

reasoned that tumng forks d1d not v1brate, these 1deas could also

”say sometha.ng about the children thelﬁselves, and how their

’ mvolved not only relatmg new 1nformat1on to what he or she already" o

T '_stranger ’Iheret‘ore, maybe when V;ctor\i_a( concluded that the teacher s ,



o L 1es

| personalltles and ph1losophies 1ntertwined wlth their intellectual
‘abllltles and 81tuat1onal factors to influence the nawre of their = Bt
o ‘lpersonal meanings of the teacher s”‘s'clence. ; This complex and

",challenglng hypothes,j,s 1s explored

the following section (e. o

e ; Constructlng Personal Mea__nings o ;
X : E )

The format1on of lmks allowed ther children to construct :

‘ _-"tentatlve meanmgs . prlor to the final construction of '
meanlng“ (Osborne, & Wlttrock, 1983, p 494) This prOcess of

: ,constructmg tentatlve meamngs 1s close to S@hutz s (1971) description

of a. stranger 'translatmg'f the new culture 1nto-.terms pf "th
-cultural pattem of hlS [or her] own group" (p 99) Sﬁ;tz \
'.adds that several factors supervene m understanding a new culture. L

% 4
. “Flrst, words and sentences uSed by the new culture have a "halo of

! emotlonal values and 1rrat10nal 1mp11cations whlch th‘émselves‘

» oy » A

remam 1neffable" (p 100) Also, any language contains terms with

o l?"

‘several connotatlons and wcrds may acqulre a "specm!‘?secondary ST S

»"

i aa o e g
. 1d10ms, technical terms, Jirgén, and d1a1ects whlch also must be

Lot
el

learned ~by the’ approachmg stra:ng% In this study, »the process

‘of @construct'mg meanlng for @new culture of the teacher s .

f t. . ER - ) - R ’ . .
sc1ence could result 1;;1 a varlety of outcomes 1ncluding retﬁung

prJ.or 1deas. mod1fy1ng the teacher S »scmnce, extendmg and modify;t{,lg

i exlstmg /ideas, and changmg 1deas~'



comnent! v(ere imbued with the personality and mtelligence of each

individual child In our conversations we referred to this apparent

blending of the cognitive and affective as the personal' or o
l‘ .

’ 'unique' element that seemed ‘to underlie all aspects of the children: s~

‘»

struggle for understanding For example, Mrs. L and I observed

“ " that some children experienced occasions When they accepted and

- 7

repeated the?&eacher s sc1ence ~= simply, they said, because 1t
was, presented by the teacher | We' wondered ,if their acceptance

arose out of a faith in adults, or a sense of loyalty towaros the

¥

teacher, or their philosophy of school, or their locus of control,

i or a sense of security associated mth Just_ : weptmg the teacher s

- science, or;, a lack of mot1vat1on to corrstruct *the1r own learning,

or a recogni'tlon that they had’ 'difflculty comprehending the 501ence -

e concepts. S S T
Some of these factors draw attent1on to ‘the personal nature

~of the- chlldren s struggle for understandmg, and how affective W‘c

[N i

_ factors could stand to mfluence the meanlngs they constructed of ' 's‘J
4 ‘-,z‘_ lf b
o the teacher s science. rI‘here has- been a recognition that affective

&gctors integrate with cognitive factors m a ch11d s, attempt to

o

i :
evaluate and understand the teacher s sc1ence (Head, & Sutton, ‘
1)

4 1981; Koestler,- 19'76, Pope, & Gilbert, 1983a) Perhaps this

g ’f; integrat-ion can be : tter 1llum1nated by eatamming some of the
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‘4 “o‘ r‘-l'

‘children s prior ideas about a science topic are':strongly held "

} and res1stant to change" (p 41), espec1ally if thefvare built ‘
! o' n ‘b .
on a physmal or 11ngu1st1c experiential foundatiop “In the previous

e _
: s"of links the @’

vsection of this chapter Whlch dealt w1t

‘ children made, the children frequently i s d thattheir prior
. N ' v,'
& 1deas were based on an experiential foundation, and when I compared ’

» - 'i.,

these ‘prior 1deas to the many 1deas t'hey offered about the teacher'

1deas, and more w1ll ing to discard and modify their evolving ideas :
; about the sc1ence 1essc>ns This rqay appear curious because the '
ch1ldr‘éh frequently participated in hands-on classroom activities

k}?f?i’vhich were intended to provideh an . experiential foundation for g,ie

» R ,,Q i

class»were qualita he -vlfferent or lees meaningful than the. 1deas

.“ Y

ﬁwh1ch the chllaen derived from srcuatmns 1n their everyday lives . " ‘

‘In their 1n1t1a1 1nterv1ews regarding their prior knowledge

about so,und, V1ctor1a, ‘Bob, ana Samantha comnented that_;,movanent -

-

was. not a necessary requirement of SOund In ‘l‘i'ght'of‘f’Mrs._ L's

o “anhaSlS dur1ng the 0ctober 27th le\son, on how the childrenhad to ..

‘ ratlonalize Mrs L's statements about movement by reasonmg that
. " ° ‘ .
- she was speczfically talking about the paper and movement, and
- she was no-t thmMQ of the variéty of' obJeéts in the world which

" make ;gunds and obvmusly do not ‘move, Simply, although they did-jf

_.:not reJect the truthfulness of the teacher -3 science, they di 4 - Cos

Ve

L TR
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1nto the1r system of bel}efs.tiwj
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[ o
R SR )

o think that it- was narrow"in scope and»‘q;splayed limited

| ‘\' .

applicability As Bob ,sald Ce ,M o

B: She pro bly thinks of what she vas. domg. She was
moving, everything she did, things were movmg

In this lesson, 1t seemed that the obJects seVeral children .
brought from home, the ten sounds presented by the teacher ” and the :

manipulation of the piece of paper, were not.’ sulffmlent to change

. \ |
Victorla s, ‘Bob! S, and Samantha S in1t1a1 1deas ‘ It~seemed that ; O'A

A

perhaps only examples and activit1es tha’t were spec1f1c to those ..

4

changed or modlfied their prlor 1deas, or: maybe something more Lo

' offered by thgge three chlldren in the1r 1n1t& 1nterv1ew mlght

”'1 ha}l towhapﬁen before they W\ould relmquish thelr hold on

thei prior 1deas k, or aWnpt to, 1ncorporate the: teacher s science

.

- . ‘\\' @
L S~ : Cm

Schutz (1971) proposes .that"the strangen W perce1ve the new '

", . ;

bulture as a menace to h1g>or her "':bhinkm as usual", other authors R
‘ \ ' \

have offered that thefe is an element of r1sk 1nvolved 1n le 1ng ﬂ A

-

the"!ecurlt‘y of the known, and beginnlng a struggle towards some new

b ]

understandlng (Claxtpn, 1984, Mislqw, 1966, Smith, 1987; Solornon, ‘l,;;
1983) Smith (1937) wrltes. ’ SRR ' s
@ . » R i o - kY

.To take a ri ires that the 'un}mown be encountered - . - -
) that we ‘a6 expenence uncertainty. We. are required ‘to

.do more than what feels. comfortable, more than. snnply display
'f!'thOSe ‘capabilities' we have. We'must dig deep within - -

'oursgl s ghd test the limits of our resources. . Takmg a

‘risk is the project. qf encountering the\ 'unknown vhe ’{vp

self-understanding occurs. (p. 64) -

PR ;-Claxton (1984) warns that a chlld may f1nd 1t threatenmg

’ up exlsting -1deas because he or she ;nay ha’h ;sonal '

ident' icatlon with the knowledge. _ 'I'herefore, 1f Cl

K

's .

3 . o . ; . .
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hypothesis 1s correct, giving up an existing idea may be comparable o B
~ to giving up- something -of oneself, and this cot?id represent a’ threat ‘

to the Chlld's social stability, and possmly result in the child . ﬁ

either retaining hlS or her prior ideas, or being more likely to - o .‘ |

modify the teacher s sc1ence to render it compatible with- existing

ideas. ‘ é
Solomon (1983) adds tha another way a child may cope w1th R

the implied threat of change is to. develop twvo domai 7‘

[

L4

whg re;:ains hlS or her prior 1deas and stores the teacher S sc1ence

oy

: alongsmle, and dﬁlte separate from, these prior ideas. o R

If there 1s an element of risk mvol ~in giving up prior

‘ 1deas, or being willing to encounter new' s, then this may imply

[ - R

- that chlldren who are brave in their thinkmg, or confident in their .

ab111ty to think, may be more llkg{/ to modify, expand, or supplant :

their ex1st1ng 1deas However, when Mrs. L and I studied the children s
- e
\'7' 1n€ewiew@ah5cr1pts 1,t seemed‘ td us that although some childrena,
o appeared morer mllmg to expand and modifyl existing ideas, these

- same children were qulte capable of showing considerable resistsnce

ey

s to other new 1deas.v 'I'hi?"may suggest that' a chiid might sometimes

‘ . -
: new"ideasf, and 'on other occasmns might feel

-

;. feel anx gisﬁ's; ab
v‘*‘

’ ’\‘«.

neutral, or even challenged to confront and make sense of the nev -

¢ . "?;*‘:ru R < RN
,(\'. ) ‘--: = .”' : ’ ‘ B J‘._ T s

-

-
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ideas. Perhaps this range of reactions that any one child could o m
: ,...,,,,.w,:,.' S l!"u EWERY IR IR SR R ek
have towards the teaoher ,s science emphasizes that a child e )
willingnass to retain, modlfy, expand, or supplant an idea 1s 'I‘"”’?;é g o

infl‘umﬁﬁaby a combination of éognitive, affective, and

situational factors ‘ ‘ "‘?'*.‘*‘; e

4

, As the & d unit progressed, some of the children s prior
ideas, and the g,deas they garnere’ from the séund 1essons, were .

modiﬂied or expanded to incorpora* varlous aspects of ‘the teacher's

. science Furthermore, the chlldren were qu:.te capable of modifying

@y T

™ “

' "%ure. To add to thlS canplex1ty, on . gne

t}te teacher's scienc'e 50 thaﬁ‘it would sup' ‘ t’ bdﬁ'h theii‘ prior -

ideas, and ideas ‘from previpus lessons abou “qch they strll felt

s:Lon Gordon seemed

N
to Lake a sudden leap in which he discarded his 1n1t1a1"1dea and
o ‘ s . @

1rrmediately adopted a new: idea ' o o .

' During thlsmerwhﬂmmg number of modifications, a ' t" -
. v‘ - Ky

changps, and frequent reversals, it was ofteh difflcult to assess

&‘

'how cogn1tive, af;ective, and mtuatmnail-rﬁac‘tors were comb1n1ng. o

-to 1nf1uence t’he children to give the a;iswers they offered A%

_’times 1t seemed that t@ children dad progress through Hewsonﬁ ‘

(1981) attributes of change, but during many ‘moments:it appeared , ‘

' that the apparent change 1n their 1dea§$was only tentative, and part

_ of the mosaic of evolv1ng 1deas wh1ch the children cons1dered

.

durmg the Sound umt. Perhaps by exanunmg sosne selected examples

'."of the children s attempts to integrate some of the teacher s . 5

scmence 1nto tﬂeir ovm 1deas, we can gain some msa.gh.t 1nto the L '

. intelligent tangled, and mostly experimental web of 1deas, which "

.'.‘t. -

3 the children wove as they stmggled towards a persmal

Lw o ; 1 K ii' K




Perhaps the

most outstanding examp\f qt*anghild gainfhg
some knowledgetduring the SCience unit, and then tfying the
teacher s sc1ehce to support thls knowledge was displayed by wg
o V1ctor1a durlng the 1essons of‘ Nonmber 24, 2&. arﬁ ‘iecember l. -

oria had the opportunity

‘;Imrlng the NOvember 24th. lesson, VA&'

to yell through a tih cap telephone and a rubber hose. After this

(AR

hose because not only was the hose wider than the str ,”y _he tin ‘
. ‘; Q{u . &,w .ﬂ
. w A ﬁ“ﬁi .5; .
cah telephone, but the hose also contained aﬁhoihnw=space which Was S
. L BRI

blgger than.the hollow 1n the stiifgs -She based th explanation |

&

-on her p 'v1ous . ledge thatpsound travelled in the form of sound

waves, and obv u';wé‘ e sound waves relied on the preSence of air.

' V1ctor1a s, fation seems only reasonable in. 11ght of . the

’~;4ch11dren s prlor exposure to r1ng1ng tunlng forksv and the bell and
‘ZJar demonstratlon.;.,‘ s . Wi L o R v
e v ADurlng the November 26th lesson, however' the teacher presented |
‘ ;actlvxties:and demonstratlons 1ntended to support the idea that ‘ l¢7.

sound cOuld also travel through a SOlld and that when cozpared “‘;'~ 163

“to axr, sounds were louder through a SOlld ' Victorla gartlcfpated

li;l of: these act1v1t1es and observed that when she held her ear

N
the table, the sound was louder than when she held her ear. over
. T \ -
""the table HbWever, she explalned that the sound vas louder bedhuse_’ L
AV *

he table was hollow, and 'she added that she was aware of the

L) . L e

-,hollow construction of tables because tables §Ere 81milar to the

. ;clayfobJects she had sculpted and fired during art class T T,

S



i L -I-think all the tabies are hollow éstept for-our table"
B at home. . . . Do you know why tables are hollow?: I
' » ‘think some of the tables are spray painted an% they are
hot and you have to’have some air. ' Like, when we have
- art you have to dig a little hollow in’ here at the bottom
© ' of your [sculpture% because it might - explode. :

U om Decenber 1, the children viewed a film which showed that °
‘ aﬁimals cogld hear through solids such as 8011. On the%surface,
it seemed ) f#ﬂs conflicted with Victoria s ideas abQut the ©

necessity fope ‘owii"spaces, and could potentlally influence her to

e -: i r" 3” . S T
,'}n ‘ tige. It e that victoria.*recogmz%ﬂ
“» p ’ ‘ ‘ ’ , v»ﬁ‘
‘ the"&nfldcts ’betweei her own 1deas d the teacher s sc1ence, nor
‘ does it appéar that’ she possessed= d ubts about her personal

anatlon of the sc1ence Ihstead, she. appeared quite conf 1dent
: 'i"uv

‘in her ’re'as'orfirla and pef‘haps we cﬁn assume that N wgfl11 retains
e ) . .
t}‘lls expquatl(m ). "‘0 B - D B ,' B Ry

.» '

Why did Victoria contmue to maintain that sound could only ﬁf
travil through hollow obJects whlle other children all offered
explanations about sound travel.ling through solids" One »

‘ tlon of a solld.

explanatioﬂ might lie - th Victoria S

Mrs L suggested that children may have difficulty understanding
that string is a solid because they might assoc1_ate &he term

- solid with objects vhich are hargd andl'igid such as-a desk. . In a

it
DL
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‘subsequent interview, I questioned Victoria about solids and she
~explained that t;,_here were two kinds of solids: (1) solids which

(e.g., some tables), ‘and (2) solids which are. solid

andtf,looﬁs). By using this personal system of
megopzm solids

(e. ga ' gpund travels\ throug ollogs), and yet incorpor&@e
: » , ¢ 4 ,
vocabulary from sc1en¢e class (e.g., sound travels through hol1dWs,

VIctona was able to ratain her own' idea

are hollow). A

Another%reason'"’“i-"or""Victoria's explanation that string was a

poor ‘conductor of sound could lie with her perception of the

physical appearante of string. : ‘ e L
‘ L
Vi [It is hard to believe that v1brat10ns go through a Ly,
. string because] the string is so narrow. The string is o
so skinny. 7 ‘ . )

-
When I asked Victoria what would convmce her to believe ‘that P e
vibrations could travel through a strmg, she answered that 1f a

sc1entlst told her that 1nformat10n, then she would believe. ¥, ’['hese'

comments reveal’ that Vl(;?é{'la found some aspects of .the teac‘r"s | \ o |

science to be so ta‘mAZing and counterintuitive that the sci was .

-4

unbelievaj le. Agditionally, thg teacher's statement that sound \

. ‘ v N . : v

- travels better through solids such a% stt¥ing was not. borne out

. - . . . f: - ¥ ' . ‘ N . . A . :‘

. by Victoria's personal observations of yelling through' a tim can ' :
— ‘

elephone, and thls probab!y enhanced Victoria's feelmgs of
d sbellef
In th1s example, V1ctoria thought that she would only bel1eve
1f a sc1ent1st corroborated wh;t the teacher had presented ‘This : " “

1mp11es that V1ctor1a would be w1111ng to mentally accépt the L +y

o concept because of the author1ty she associated with a 'sc1entist':',
. (]. N N

l | _) o L | ¥
: . . . N P : » .



sc1enc‘é; or (b) suppléht their own cmstructed‘m_eani.

\
4 Meé of ’the solid. en, durfing the November 19th lesson,

she watshed a film in

hamer, and she conclu '

-that’ “sound gé&ten times faste; through steel " On November 24th,

o 174
Ay ‘ .o
but it sitill does not assure us that Victor,? w&uld feel a sense of

certainty about the concept, or if she would abandon her own

personal explanatf&oh of the concept. This suggests thet as children
construct'meanings for‘ the“ science, they may judge, evaluate, and N
modify the teacher's science, ang, this process of deliberation
involves making observations, generating links, judging the
believability of the cOncept, and formulatirfg meanings which seem

to provide a satisfactory explanation | Sometimes thgse’ explaqations )

| imay m’ainfluenced‘by ‘the- cDild s perception of authoritative

sources ‘of . informat;on, and perhaps we can wonder if ch.tldren ¥ho . v

"“‘are taught at home to listen to aduits and mcept the authority

of adults might be more prone to (a) recall, and re

' s o PR o g N
: teacher's science; or (c) retain a sciefice which they believe, and

develop another scienéé which they use for science tests and quizes.' s = =

¢

c) Modifying Existing Ideas

. ) ) - .
In addition to children being willing to modify the/ -
teacher's science were numerous instances when the children .
. \
modified or expanded upon their own existing- ideas. During the y

' P , .-
interv'iew regarding Qer prioréideas about sound, Christa clai

>4

"that her ability to hear through a solid was dependent upon the

ch a boy struck a raiLWay track with a
that 1though sShe st;.ll thought the
thickness of the solid‘*vas mportant, the boy's demonstration showed

W

Christa 11stened' toa’ tin can tele&one and ob;e& that she could \\'

~



o , -
L

not hear sounds very weli.‘ She then.concluded that not only was

,the thickness of the solid a factor in her ability to hear, but

. the sound she heard wvas also 1nflueno§9 by the material of which
the solid.was composed. However, she was not convinced that soundu
travelled faster in solids than in air. | _—

C:‘ Well for some reason I think that sound travels
faster in air than solids, except for steel, metal,
and that sort of Stuff.

In this example it seems that Christa was aware of the teacher s

b

science (e.g.; sound trayels faster in solids), but only chose to

modify her existing‘ideas if the teacher's science was borne out

-

by her own observations. Thls is reminlscent of Victoria's
~
reactlon to the tin can telephnne 1n that Victoria s disbelief

seemed, in part, to be 1nfluenced by the fact that her observations
did not support what the teacher had presented in class., This may
suggest the 1mportance of allowing chlldren to make their own

+ Observations, and how thesé observations affect’the children's

perceptlons of the be11evab111ty of the sc1ence, and afiect the

\ -

anlngs they construct of the teacher's- sc1ence Also, "for R 4
£ »

.

Christa, the opportynity for personal,-firstfhand observation was

‘“*an important factor,én her‘willingness to changé or modify her -

. N
ot e e . " - \]
‘existing. ideas. < "

3
\

On November 26th, Bob stated ‘that he 1on45 agr .v'vi,th, his*

SOlld WaS demndgn.t,\- . ._,",; 4":
; . 'ﬁ VRN

“on the thlckness of the SOlld . Instead _he now, £ ought that hearing jhdkﬁzp

r

1n1t1a1. 1dea that h1s ab111ty to heai\ through

~ , 1”*“1’
through a Solld was a functlon of how hard- the sol 8 hit, and- he i&

,—lt

\ changed h1s m1nd one night at home whlle he was thinkin

_ science classes.



I ‘kept on thinking about sound, everything we did. | =i
'I‘hen I got stuck on one' thing, [the thickness of the
salid]. And I thought of it, and 1 thought of it, and
I got the answer. .o

. "

This conment shows that Bob recognized conflicts or gaps in his

understandirg of the teacher's science, and through #eriection -

i

and reconsideration he modified his existing idea. Posner, Strike, . I',,

Hewson, and Gertzog (1982) describe this process as involving ;
(1) the recognition of an anomaly, (2) the belief\ that it is v
"necelsary%o reconcile the anomaly into existing conceptions,

(3) a corrmitment to reducing inconsistencies among exlstmg .
beliefs, £ ‘(4) a recognition that former attempts to assimilate |
have been ul’auccessful. This process, and Bob's comments, suggest

that a comblnatlon of cognltive, affective, and situational factors ‘

“ .
infﬁl:fnced Bob tor modify his idea about hearing through solids. L o
» . s ’ ' L
lisﬂ:ened to tapping sounds as the sounds travelled O

- a

through t"‘e-table and air regIster, ‘and he observed that if these‘
objects were struck vith more force, then he heard a louder sound.
'I'herefore, it seemed only reasonable £or him to conclude that the

actlon of taming, rather than the thickness of %he sdlid was

L

the cruc1al factdr in hlS ability'to hear the sound 5' KoY

Posner, Strike, gewsén, and Gertzog (1982) maintain that such
‘

isSues as motivation and comnltment are,also 1nvolved in ~

‘eu oy

mﬂ'i:fying e,xlstrng ideas. ,/"nethis" s}mdy, the motivati n to reconcile N
i . tgiv?,,;’qf'-' . n.-« v .f g
' ‘al meanings w1th th/e, teacher“é 9c»ienee, to dnderstand the . : .

‘ .: R y
~‘»‘ ° teacher s sc1ence, sor to at 1east recall and repeat th teacher s

science, seemed tb be mfluenced by external and 1nternal factors.

Some of the external sources the children 1dent1f1ed wei:e the -

-
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responsibility they felt bowards ccmpleting worksheets,
L
Writing examinations, and respdnding during their interviews.
(v
L Both Bob and Gordon recognized thé'importance of completing
worksheets, and after the Nbvember 10th lesson in which Mrs. L
demonstrated a vibrating tuning fork, Bob measoned that _
17 B: [Thﬂiteac er demonstrated] that for us so that after

vhen we [worksheet], we could do [the worksheet ]
easier.

Also, Bob commented on the importance of knowing the teacher's

science because he would eventually be tedlto writé a unit

quiz, Thls may suggest that Bob's motivatio to reflect upon
his classroom observations and how thege observ -ions might.

challenge his ex1sting ideas, in part, coul ve heen.deriged

from his awareness of 1mpending formal evaluations

_ Another source og external motivation was identified by _
Victoria during the November 13th~1esson, when -she. revealed that
shé was unsure about how to answer one 1nterv1ew question and had
therefore spent time researching the question so that she would

" be better able to prov1de an ‘answer. On Noveinber 17th she ™ ‘ '7
ant1C1pated that I would ask her about the purpose of . the 1esson

and she add&tted that she reflected upon this during the science

’lesson. Later 1n the science unit, when I asked he what she had -

learned from a lesson she‘replied' | | ‘ | |

;Vf' gvzv tglwﬁys know'we are goifg to have that question 0T ]
;4 thi ught about it and I have a good answer, I think

These comments establish that the children490u1d be
motivated by a numher of éXternal sources, but it does not
\‘1 ' 2

seem clear if this external motivation played a signifiCant role

. 4



o - ‘ ) .
- in elther encouraglhg the chlldren to recall and repeat the teacher s

S

‘ sc1ence, or to reconclle their meanlngs W1th those of the teacher,

Fl

~.or to strlve towards a nkanlngful understanding of the teacher s -

» . .\\ . ~ AT

- \., . .
~SC1€nce. o L —_

In addltlon to these connents about sources of external o

motlvation were nahy more 1nstances when the chlldren S comments'
G - -
,suggested th the1r motlvatlon was derlved from a concern for ¢

personal coherency Thls is not to c1a1m that thls apparent Y },'.

h_concern for coherency could not also be subJect to an overrlding S

L]

-concern about éxams- and worksheetsv but rather that 1t seemed the=:
‘;vchlldrenhfforget' these external factors and were 1eg1timate1y
trylng to understand the teacher s SC1ence because they)w1shed to[

:possess a more coherent v1ew of the‘world Agaln, ‘Bob's descrlptlon

of reflectlng upon hlS classroom observatlons could have been an .‘f‘

a b

,i'expre551on of hlS concern for personal coherency, and not 51mp1y

a

. a reactlon to‘hls«perceptlon of external‘Sources of. evaluatlon..i
.Further, the ch11dren s w1111ngness to admlt that they wondered
about the sc1ence,‘and,the1r ongblng struggle to. construct :
-‘personal meanlngs for the teacher s sc1ence, suggest that they
were concerned about constructlng neanlngs whlch they bellewed, e <
understood, and about whlch—they felt tonfldent‘

| W1ttrock (1986) has addressed the 1ssue of motlvatlon and argues
that 1f students belleve that the effort used in struggllng towards
a'a personal understandlng of the teacher s sc1ence 1s directly
.related to success,»they Wlll be more llkely to be motlvated

7towards th1s effort.; If, however, -3 student attrlbutes school

A

success to the ab111ty to recall and repeat the teacher R sc1ence,
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then:heior she may be mére likely to cOncentrate on~nemori§§ng
. " . -the teacher“s sciencef/and'be 1ess'cbncernsd;with integrating this . BN
science 1nto the1r p;esent 1deas. These observations 1mply that 1f B

- a child belleves that learnlng 1s dependent on external 1nf1uences, o

/ ~
.

"vand observes that the school\\ystem rewards the\ablllty to recall

,. T

'8 science, the ch11d might be less llkely e

to pursue a rsonal understandlng of the teacher's science.

h///?/// ' Pbsnerﬁ Strlke, Hewson, and Gertzog (1982) also offer that. _ -

.- ’ N

the process of modlfylng ex1st1ng ideas 1nvolves the issue of
- / R

commltment- In thls‘studY, commltment to the quest1ons-be1ng

s

. explored durlng sc1ence class: emerged as a potentlal
/’
motlwating factor Chrlsta alluded to th1s issue on: November*l7th

‘*Lwhen she connented that the teacher included a lesson on 'Ho% ears
hear because thlS was probably the ma1n questlon chlldren had about
/;sound Barnes (1976) comments that mot1vat10n may 1n part depend . -
g/ on whether the child flnds the subJect under study to be meanlngful,
'/a"'and.perhaps Chrlsta s 1dentlf1catlon of chlldren svlnterestllnh h \ - \\
§Howfears hear' implies thatichildrenvmay ‘vmore motlvated to;explore-f’\
"questions nhich obvlously relate to themse' ves and their norld. .
Osborne (1985) adds that chlldren who are "encouraged to ask genu1ne,
J questlons that they: have about thlngs ‘. {and] are helped to -
undertake relevant 1nvest1gat10ns to flnd answers to these questlons" ) o
(p. 19), are more llkely to’ ma1nta1n thexr th1rst for 1earn1ng .
about thlngs 1n science, and strlve towards construct1ng personal
meanlngs. Perhaps Bob's w1111ngness to mod1fy h1s ex1st1ng ideas

was, 1n part, 1nfluenced by his percept1on that the quest1on, ‘ \ﬁﬁ'

5ﬁWhat ﬁaotorS‘affect how we hear through ‘'solids?', was a questlon



- 180

that was meaningful and related to his world;l .
Related to the 1ssue of mdtlvatlon is the'child s willingness
to take respon31b111ty for h1s or her leaqning. If a child is for
some reason unw1111ng to take such respon51b111ty, then it seems
llkely that he or she would either make llttle effort to attend

to the teacher s sc1ence, or mlght be content to recall and repeat

'Ehe teacher s sc1ence\ In thls study, the children s conments,

-

and the per51stence they dlsplayed trylng to understand the teacher‘s
science,~suggest that the'children:nere‘for‘the most part willing
‘to take respon51b111ty for the1r own learning This sense of -
“respons1b111ty was, ‘in part, probably a result of their parents'
Asuccessful-attenpts}to.conv1nce the chlldren-of the 1mportance of
good work habits, andjto’instill‘in them a vision.oﬁ the.eventual
payoff of success in school. Certalhly,iBob's parents\possessed
the philosophy that hard work,and determinatiOn led to anCéss, o

- and if Bob belleves thls ‘philosophy, then it does not. seEm

‘,surprlslng that he WOuld spend ‘time outs1de of the sq1ence

: ‘classroon‘reflect1ng upon the events‘or the class, and trying to

Jconstruct a more coherent understanding-oﬁ:éhe teac ?s science.

G s
Wi

In sumnary, the children's willingness to modity their"

.existing ideas was influenced by a combinatton of situational,

:cognitive,'and affective factors In class, their opportunlty : ]
*to. part1c1pate in the act1v1t1es, make personal observations,

| part1c1pate in classvdlscu551ons, and l1sten to dlrect 1nstructionh

'uaffected the‘meanings they constructed, The children's ability

. ‘o make accurate observations, percelve connectlons between
AN o S
\\ activities, and recall and reflect . Upon classroom events, could

AN

A



also affect. their raon tructed meanings. F1nally, the chlldren s

sense of responsiblllty, commitment, and even their personal ‘ S5
motivation might 1nfluence ‘the meanlngs they cqnstructed, and their N
willlngness to modlfy, expand, or perhaps even change these |

constructed mean ngs. .

.Thelmajority of the changes and modirications the
children made t01:§51r 1deas 1n th1s study had a traceable h1story
This hlstory may have 1nvolved their react1ons to fllms,
demonstratlons,’class d1scuss1ons, and hands—op act1v1t1es, and

"_ 1nc1uded tpeSprocess of reflect1on and deliberation wh1ch occurred

ing and after these .classroom events When the chlldren s
commenty and my descr1ptlon of the sc1ence lesson were comeLed
.with Mrs. <& and my’ knowledge Qf the background and r

j-personalities' f the chlldren, (%ntatlve hypotheses about what
1nfluenced the 1h1Ldren s explanatlons could be presented

»

" *There was 1nstance in th1snstudy,_however,_whenvarchild

‘hchanged his~existing:idea and this change did.not seem to be
1?’preceded by an extended process of reflect1on and dellberatlon
(“i-After the Nbvember 19th fllm, Gordon clalmed that he no 1onger
'agrggd\W1th h1s 1n1tial 1dea that it was 1mpos51ble to hear through
walls because they blocked sound When I questloned h1m about
what part of the film had 1nf1uehced h1m to change h1s mlnd he

»

replled that he H!d Just at that 1nstant changed hlS m1nd because

. he could hear the janltor vacuumlng the hallway outs1de of the
'7closed door of' the interv1ew room. Sutton (1980) states that

students “frequently report sudhlm:nents of 1n51ght" (p. 119), and



N S L:
"that this hds been called the 'pénny dropping‘ or 'clicking'
phenomenon. Sutton (1980) suggestSnthat any model of change

" _should allow for this phenomenon, and Gordon's cmnnent supports N
the" idea that recalling prior ideas and then. examining these ideas
at crucial ‘or opportune moments could also be a factor in the
“‘modifidation or expan51on of existlng ideas

On November 26th, however, ‘Gordon once again claimed to have
:1_§§ changed his initial idea that it was impossible to hear
through walls because they~b1ocked sound. Thls time, he
maintained that. the opportunity to 1isten:through soiids‘in
today's lesson convinced him that it was-possible»to hear through
tsolids such as walls.® I wondered 1f his former claim to change on
Nbvember 19th was a fleeting change, or whether he 51mp1y had “
forgotten his previous statement. Regardless, the idea of the n
existence of opportune moments -to change an 1dea, might be an 1dea

worth considering for its potential influence on models concerned

with explaining how and why children retain, modify, and expand

' their ideas.

e) Summary Discussion
The children’s comments about making observations,
perceiving connections betneen lessons, generating.links between
‘thepteacher's science and what they:already knew, and constructing
meanings for the teacher's science establish that situational,
cognltive, and affectlve factors could all 1nf1uence the process
of deliberation and reflection which resulted in the children

(1) retainlng their prior ideas, or (2) modifying the teacher S

science to fit existing ideas, or ¢3) modifying and changing their



o

the children showed impreésive reasoning abilities and intelligence '

existin ideas . '
g A

This process of deliberation and reflection was\one in which

as they attempted»to construct personal meanings for the teachers -

-

~science. For example, on November 26th, Mrs. L told the children

that there was 'nothinglkggtween air molecules,aand although they
found this idea to be-both hard to believe and understand, they

nevertheless attempted ‘to construct personal meaning. Chr1sta

L

. commented~ - : .- .

C: In space, [the teacher] said there was nothing. And ,
‘people go, 'What's nothing?’. Normally you say there is
' , nothing between my thumb and my finger, but‘there is really

183

™

~air. And she is saying, nothing, like in no air, no nothing.

And people are saying, 'What's nothing?', because we kept
_[thinking], 'Nothing is air’'. .

‘@ o -, e
In this quotaéion< éhrista began by relating the wofd.nothing to
the perception of nothing with which she was already familiar. She”

implied that the 1dea of nothingness was d1ff1cult to comprehend

espec1ally because the teacher' s explanation appeared to confllct

with expressions found in everyday communication. She then
reasoned
C: I think there is at least a touch of air, like
oxygen, like maybe not oxygen, but a touch of air in ,
‘space. Maybe not a whole lot, but there is probably some.

Clearly,‘Christa did not entirely accept the -teacher's ekplanation,

of nothingness between air molecules, and nothingness in space,

but instead she modified the teacher's science to render it

compatible with her own ideas. This outcome was influenced by

- (a) her prior knowledge, (b) the links she generated between this

knowledge and the teacher's science, and, (c) her intellectual
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- ability. AddiﬁfpﬁalIY: the words and illustrations which the’ '

teacher used to present the idea_ of 'hothing between molecules"
)
also influenced the meaning Christa constructed Finally, such

4

!
1mp11cit factors as Christa's willingness to consider new ideas,

' to assume responsibility for her own' earning. to question the

believability.of_the science, . an

o] accept the question of
"nothingness as being worthwhilq underlay her deliberetions and
eventual explanation.

The exig®ence of a constructed meaning, however, did not

=3
g kﬁ.

assm:e that the children jere comitted to these constructed

meanings. Instead, the children s/neanings seemed to swirl about,
v : & ;
sometimes appearing to be held tightly, or simply recalled and -

repeated, or abandoned and then returned to, or omly held by the
mOSt'tentative bonds. These observations, and the struggle for
personal understanding implied within them, suggest that for

the chiidren to subsume their constructed meanings or adopt- these
L C . , £ :
. meanings as a scheme of their owfi expression, something more than

- ‘ ¢ . "
identifying the new fact; making links with the familiar, and ’
. - . —~ o . ) 4
;ﬁtgenSlating' and constructing these meanings haddfo occur.

L]

o \ » . .
< .4. Towards Adopting New Expressions

The.children in'this studyrgrequently made observations |
and offered explanations for the teicher's science and this
implied that they were constructing‘meanings of the teacher's
science It seemed ‘however, that the children were also faced~
w1th the decision as to whether they would make the final move
to adopt these constructed meanings into their personal system of

bellefsf
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Schutz (1971) maintains that

Only after having thus collected a certain knowledge
of the interpretive function of the new cultural pattern may
the stranger start to adopt it as the scheme of his [or her]
own expression. The differe tween the. two Steps . .-.
v - is the difference bety ive ufderstanding of a
language and its acti as a means for-ygalizing’
one's own acts and though 100) S

idea of 'active mastering' when the;'éiscuss the process of
evaluating a constructed meaning, and the possibility that this
meaning may be subsumed into memory store. ., They claim:
. .. )
If the constructed meaning makes sense in terms of its
evaluation with other aspects of memory store then it may be
incorporated into memory, influencing and possibly altering
the memory store itself in the process. The greater the
" number of links generated to other aspects of memory store,
and the greater the number of these links that reaffirm a
useful constructed meaning has been made, the more likely the
idea will be remembered and make sense to the learner.
(Osborne, & Wittrock, 1985, p. 66)
Although Schutz (1971), and Osborne and Wittrock (1983, 1985)
seem to recognize thedprocess of adopting new schemes of
3 ] : .
expression, or subsuming constructed meanings, they do not claim\
that adoption or subepmption is an inevitable outcome of the children's
struggle for understanding; Instead, Osborne and Wittrock (1983)
<« N ' ]
discuss how Some children may only construct minimal links between
the teacher's science and what they already know, and that these
links may tend to fade from memory with time. Schutz (1971) refers
to the stranger "oscillating between remoteness and intimacy" (p. 103),
experiencing "hesitation and uncertainty" (p. 103), and offers that
the %tfanger's adoption of a new culture is a continuous process

of inquiry that only succeeds when the new culture becomes "a matter

of course, an unquestlonable way of life, a shelter, and a
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protection" (p. 105). < T

Children's abilify to construct meaning from the teacher's
science should not imply that the children have a]:pted or subsumed
i

these meanings. Some researchers observe that a ld's explanatidh

o

might. simply be an echoing of the teacher's science, and not an
explanation that they personally understand (Barnes, 1976;
Biddulph, 1982b; Pope, 1982; webt, & Fensham, 1974). Pope (1982)

suggests that éomq}imes children's explénations represent a more

&

passive repeating than an active mastering of the teacher's science.

The teacher's science can be incorporated into a person's
system of constructs, but it may remain fragmented, not
connected in any meaningful way with the person's more
crucial constructs. There would be no personal’ commitment to
this compartmentalized view of the worlid. (p. 9) '

How can we judge if a child has adopted or ‘subsumed a

constructed meaning, or whether the child is offering an explanation

that is simply one of the many ideas he or she might consider

during a struggle for personal understanding? How can we.know \

if children have adopted‘ﬁhe explanation, or if their explanation

is simply an aspect of the teacher's science they have recalled or
repeated but have not attempted to integrate into their existing
ideas in a meaningful way? ’ ‘

Wittrock (1977) suggests that "1earnin§ with understanding
is the process of transferring previous experience to new events
and problems" (p. 177). White (1979) seéms close to Wittrock's
(1977) idea of learning with unders£anding when he describes_the
idea of mastery. In mastery, "unéerstanding comes with
integration Qf acquired skills and knowledge into meaningful wholes

so that each.element is not stored in memory in isolation but is

v
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\‘,
', whether a child has subsumed or adopted a constructed meah@ng

3
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1inked to others, the recall of one cueing the recall of others"
(White: 1979, p. 7). 1If learning with uﬁgcrstanding and mastery
are close to Osborne and Wittrock's (1985) idea of subsumption, .
and Schutz;s (1971) idea of adoption, then one way to asqégbf ‘ .

i\ I

\would be to ask the child questiont which would require the(chilql
to\apply this constructed meaning to a novel situation. In’ Ehls
way, perhaps as assessment could be made regardlng whether the chiid
has meaningfully learned the teacher's science, of whether the

qcience has been learned by rote (Novak, 1985). In this study,

however, the summary quiz that each child wrote did not require the
children to apply the teacher's sc1ence to ncvel situations, and
therefore it ‘was difficult to judge if the children had adopted

or subsumed the answers and explanations they offered.

Perhaps the format of this study, and the insight this format |
allows into the ongoing, evolution of idecs during the course of a
science unit, can offer same insight into what might be importént
to the issue‘of adoption or subsumption. .During the'ftudy, the
children frequently admitted chat they wondered about the teacher's
science, that they had doubts about the teacher's science, or that
they did not believe the teacher's science. These comments suggest
that at times ;he'children lacked confidence in che'teacher's
science, and pérﬂaps lacked confidence in the'meanings they
constructed of the teacher's science. The frequency and

thoughtfulness of these camments implied that Qap chlldrcn were

o ?

in the process of coming to a personal undersg;;d1ng of. the ™~

teacher™s science. Simply, thedr own perceptions of their
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constructed meanings implied that they had not yet reached a
point where they had subsumed or adopéed all the meanings they
offered as they attempted to explain the teacher's science.

For example, on November 17th, Gordon offered a short
explanation about how ears could hear, and his explanation included
a reference to the importance of a vibrating ea? drum. Theﬁ,
several lessons later he admitted: '

G:. I still wonder how your ear all works. And [how

' sound] hits the ear drum and all the bones vibrate and [how

, sound goes] to the cochlea. And especially the cochlea
thing and how it helps you stand up. That's something I.
really puzzle about. :

This examplé reveals that although Gordén was able to offer a brief
explanation of the process of heafing,"he étill wondered about

this proceés. fhis implies that in sﬁite of the observations he
made, the links he géneréted, and the meanings ﬁe constructed, Gordon
‘might not have understood his explanation, or maybe he was unsure

or did not believe aspects of the teacher's expianation, or maybe

he recognized there waé much more to know. This might suggest

that something more than linking togethertideas or Seiné able

to recall informatign had to take place dﬁring the construction
of personal meanings before Gordon would feel confident about his
constructed meaning.

Driver and Bell (1986) have_hypothesizéd that what might be
key to constructing meanings and subsuming those meanings, could
be the child's belief in those meanings. They have observed that
"although students may successfully cénstruct an intended meaning,

they may be reluctant to accept or believe it" (Driver, & Bell,

1986,'p. 451). Further, théy argue that "learning involves not



only constructing the intended ideas‘ but also accepting them.
Difficultieq in learning science may arise at either the ‘constructing‘
or acceptance stage" (Driver, & Bell, 1986, p. 452).

Shapiro (1987) commented on the issgé of believing in her
classroom study about children progresaing. through a science unit
on Light. She observed that one child "was able to give the correct
response on the survey and in [the] interview, but she [did] r'xot
appear to believe the idea completely" (Shapiro, 1987‘, p. 176).

On another occasion Shapiro (1987) commented that "it was clear
that [the child] dld not 'really bel\leve that the\ world functlons
in the ways that [the teacher] suggested" (p. 383). ' .

This issue of belief surfaced in tﬁv children's previous comments
about coristructincj meanings. For example, - Victoria found it difficult
to believe that vibrations'cbuld travel th.rough narrow, skinny string.
Cﬁrista had a hard time believing that sound travels fas'ter through
solids than air.n Victoria's and Christa's comnenti_s about belief
establish that as children construct meanings of the .teacher's
science, they are also making judgements about t}{e believability
of the teacher's science and perhaps experience some cﬁiture ,Sh;)Ck

when they are pPresented with the teacher's science. Driver and

"perl (1986) agfee with tpis observatioﬁ'i-and add that this issue
of belief a¥so arises at the final acceptance stage, and this may
imply that the subsumption and adoption of a constructed meaning’,
in part, also depends on whether the ch}idi"en believe that
constructed meaning.

Although the issue of belief seems imbortant in constructing -

and accepting meanings, it does not appear from the children's
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conteents that belief could be separated 66 other commenta they

.
made about understanding and wondering! For example, if children

. wondered about some aspect of the teacher's, science, it might mean
that they had difficulty understanding the concept becauge they
~did not believe aspects of the teacher:s science. Perhaps by
examining the childfen's comments about believing, wondering,
and understanding this final step of subsumption or adoption can
be illuminated. The children's comments about these issues are

' £
sumﬁarized in Table 9. -

a) Children's Comments About Believing

N

The\children made frequent statements which'éuggeéted
»

that they were not entirely confident about their-understanding

occasiond they would talk about how they wondered or puzzled about
the science. These comments, and the anStions the children
possessed at the end of the science lesson, provided a "valuable
guide to their perception of their world" (Symington, Biddulph,
ﬁapps, & Osborne, 1982, p. 1), and revealed that some children had
coqstrﬁcted meanings about which they were not entirely confident.

On November 15th, Bob stated that although he knew that
molecules were involved in the Slinky and marble demonstydfTUﬁé,
he found it hard to be;ieve in the existence of something he could
not directly qbserve.

B: if you could really see molecules, or songthing, you

would believe it. But, you are just using examples with

different objects.
[N

This reliance on first-hand observation again surfaced when Bob



" TABLE 9

[

Childrenls.CommentslAbQut

Belieéving, WOnderinéifand Understanding .

Ch1ldren are More leely to Be11eve the Sc1ence lf-‘

1.

Y

More 11ke1y to bel1eve f they. can. dlrectly observe the
sclence concept: and understand the concept.
‘e.g., must see waves in water and understand underlylng

. concept

of_ the hurdy gurdye

vah11dren can belleve the sc1ence, but still wonder about the

‘science and not understand the scmence e. g., amp11f1catlon

. uChlldren can understand the sc1ence, but not belleve the
science. - e.d., Gordon and amoustlc tiles. :

e. g.; V1ctor1a -and acoustlc tlle

’_ Chlldren can f1nd the sc1ence to be d1ff1cult to belleve,-

e.d.,- Samantha and acoustic t11e

.' %

sdifficult to understand, and 'still wonder ‘about ‘the’ science
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A.
"1:' They can- dlrectly observe the science. concept.
e. g.y bel1eve molecules 1f you could really see them
2. They can dlrectly observe the outcome assoc1ated with the
: ’phenomenon. e, g., waves in water mean molecules are- v1brat1ng
3. They have . correctly ant1c1pated ‘the outcome of. the
) act1v1ty or demonstratlon.
. J‘A.V'They can try the act1v1ty, make the1r own observat1ons, and
‘experlence a successful outcome.. :
o SE The Science concept seems plauslble}
C 5‘76. The science is presented by an author1ty flgure
- e. g., the : teacher demonstrates the act1v1ty Ny
'B{ Be11ev1ng - WOnderlng - Understandlng .

Chlldren can not belleve, not understand, and Stlll wonder.
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‘commented that 1n1t1a11y he d}d not entlrely be11eve that tuning ‘

t

forks could make splashes 1n a pan of water But, the opportunity

¢

to try the actfvlty for hlmself convxnced him to really believe ‘//‘

that tuning forks could make splashes

A ]

Samantha also commented about be11ev1ng during the November
10th.1esson She clalmed she found the entlre 1esson to be
‘"7be11evable because ; B '.1 o : I /;v' h : t .
' S: f.'. . there wasn' 't really anythlng that we- didn't/see .

Thls comment suggests that the opportun1ty to observe aétlvitles l
d1rect1y was‘1mportant to Samantha s w1111ngness‘to’be11eveg and
perhaps, her ab111ty to understand.- It is interesting to. note,

however, that some of the concepts that Samantha/clalmed to see-

and to be11eve were not d1rectly observable Instead, Sanantha

) observed the outcomes assoc1ated w1th v1br tlon and. these outcomes o

s

seemed;suff1c1ent to cause her to believe. She.dld‘add,'however,
that her decision about whether to beljeve a concept was based on
R _ : A _ ‘

her ability to understand the,activjt? and her opportunity to
. . _ . . L
o /A [
- S: ‘I'm not VEryjsure,if'it is true if T don't see it
. happen. - [But], I thought that wasn't true when [the.
teacher] put the [tunlng fork] in the [water because] -

; . I'didn't get that. So, if I didn't get that, I might
not believe that. :

observe the activity.

1

During a later ihterview, Samantha added that\Sonetimes she believes

_a concept simply because of her opportunity to observe a teacher

A

demonstration.

S: As I always say, it is easier when you do [the, /
activity] for yourself because you see the things that are
happening, and you can try it yourself.- . . . But, . -
sometimes when [the teapher] shows it tous, I belleve her
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On ‘November 12th,,Gordon stated that he did- not believe the
numbers on the tun1ng forks which 1nd1cated the number of times
" they vibrated in one second because the numbers s1mply*seemed too

large. He added, however, that he would: believe the numbers if

Y ¢ 1) . you could show [a_ tuning fork] in slow motion

and I [could] count the tlmes, and see ifF I could count
one ‘second, - :
Y

Simllarly, on NOVember 13th he had doubts that the demonstratlon

involving the line of g1rls was an/analogy for molecules even
)‘v B \\

though he had prev1ously offered th1s explanatlon He felt, however,

L o . .

'that his doubts ceuld be eraéed ff

believe that then But

, These quotations reveal that‘des?ﬂte“the 1mplied authorlty of the
teacher s information, Gordon was not w1111ng to believe information
which seemed counterintuitive or abstract, until he could actually
prove to‘himself‘by direct observatiOnithat it»vas indeeditrue.
He concluded h!s interview by'admitting.that'h ,'till'wondered
about numbers on tuning forks'. In another in’ziiiew,i Gordon -
~summariZed'that if he,dould'directlv observe the concept, had the .
opportunity to try the activity,'and reached absuccessful outdome,r‘
then he‘believed‘the concept. ‘ | |
‘After‘the lesseﬁ=en—Nevember‘l7th,'Christa described how ears |
could hear souhds,‘but then she added that she found it.hard to
believe that such a complicated process could.happen so quickly..
In another lesson she‘found it hard to believe that everything'
was compOSed of matter. Perhaps ChriSta's comments about believing

suggest that she found it difficult to believe information which



oo S 1o 194
defied‘her'imagination, seened amazing, or could not be o erved‘
‘directly. : /, . | 7

In comparison to the other children, Victoria was more
likely to oonment that she believed everything about‘the science.
lesson, and that thlS beliefswas based on the fact that the teache;
had presented the 1nformation. However, Victoria was able to

express some doubt about the teacher s sc1ence by admitting that

she wondered or- pgzzled abo t it, or that she found the teacher's

science d1ff1cult to unders ang.

Ve I wonder about, the/bumps on the [textured] wall and
the. [acoustlc] cei ing [tiles]. :

v . lecules, I m still very puZzled about molecules.

In summary, it. seeméd—that the children were more likely to
.belleve the teachervs science, if (a) they experlenced personal
success while doing the activity, or (b) they d1rect1y ‘observed
the science concept, or (c) they correotly‘ant1c1pated the activity
‘outoome,_oﬁ (d? the coneept was demonstrated by the teacherv or
(e) they felt confident in theirhpefsonal underetanding of the
teacher's,eeience, or (f) they directly pafticipated in the
activity, or (g) they found the teacher's science to‘be plauSible.
Manyvof\theSe-factors‘seemed to_revolve'around the children;s |
opportunityfto participate in hands-on activities. Simply, if the
e chlldren could anticipate the activity outcome, dlrectly partic1pate
in the activity, directly observe the science phenomenon, and arrive
. at a successfu} conclusion to the act1v1ty, then they were more

11ke1y to believe the meanlngs they constructed, to feel confident

about these meanings, and perhaps to adopt or subsume these
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meanings. o , .7

~". In this study. the chlldr!n part1c1pated in many hands- -on .

activities, but they also v1ewed three f1lms whlch were intended

to introduce or expand upon some Sound concepts, and the connents

- they made about believ1ng films seem partlcularly revealing.

b) . Children s annents About Be11ev1ng Fllms

Bob commented that although he did not doubt‘the science
'content of‘films,.he really believedvand understood the science
o
concepts 1f he had the opportunlty to tnytlt for h1mself

-y
A

B: I understand more when I try it out because after
you'll believe it more or somethlng - Well, maybe you can
believe it on a fllm, but you can really believe it if
you tr1ed s AN

‘Gordon seemed to have less confidence in the believability lh
of films and”explained that seeing wasn't always believing.

.G: [On a film]}, I wouldn't really believe it. You
know it is hard to believe that [beakers] .
with lower [amounts of water] will make high sounds.
. And I wouldn't believe‘that:if I saw it on a film.

G: Seeing isn't always believing. That's how it is to

' me because. I don't really believe that Luke Skywalker
when they weré having sword fighting, I didn't believe
that they would chop his arm off and then he would fall
and he would catch the TV antennae. I don t ‘really
‘believe that part. : .

Clearly, Gordon s mov1e viewing out51de of the classroom, and his
knowledge of ‘the use of special effects, 1nfluenced him to doubt
the believability of the sc1ence fllms he watched in class
Samantha maintained that although the teacher's jar and bell
_demonstration was not entirely successful, she still preferred

the demonstration because on a film
. I ' , I o

S: I can't really see it. . . . It might be anything
because movies and filmstrips can get [any results].
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- Similarly, Chrlsta also preferred the teacher's demonstrations
because it gave her a more realistic impression of science.

C: . . . because jn the films they always get things to
work. They a)}ways make it look like it works and say,
'Hey, this tim can telephone works. To make it.you

‘need this, this, and this.' But, it doesn't always work
in real life.

C: They get everything to work on a film. . Some éhihgs
in 1life just don't work. p

Victoria thought hands-on activities were more believable

1‘$6

than films because a film reduced her to the role of just watching

the science.
V: It's better to do it with things because agaiﬁ, yoU're
doing an experlment and you can figute it out.. With

[a film] it is just like they are dorpg your work [and]
you're just watching. - -

In summary, the children's commgnits about £1lms make clear-
‘that some children recognized th t“a film could rely on"special

effects,

or cohld_contain 6rchestrated; unreaiistieal;y successfhl
science demonstrations which could not be duplicetee:iﬁ real ;
life. ther, films reduced the childfen to just watching Eﬁe '
science, and ‘the children seeﬁed to recognize that believing

more than just watching. Once again this poiﬁts to. the
.impor ant role hands—on‘activities seemee to play in the children's
ﬁiil'ﬁgness to believe’ﬁhe teacher's science, and to feel

confiident about the_heanings they construct.

c) Children's Comments About Wondering

The children's comments about believing reveal that
: K4 ' o o
?élieving is not some isolated aspect of the children's process

jof deliberation, but rather[ believing is intertwined with

I

.,

understanding and vondering. = Therefore, perhaps the construction ...

)

W vy

e



and\acceptance of personal meanings‘are'not only influenced by
the children's Belief, but also by their understanding.and
confidence in the teacher's science.

On December 8th, the teacher demonstrated that the sound from
a hurdy gurdy could be amplified if the hg;dyggurdy was placed
against a wall or desk Bob, Gordon, Samantha, ‘and Chrigta‘all
maintained thatvthey believed this demonstration because they had
heard the louder sound. However, thegs all added that' they wondered

about this demonstration because they could.not‘understa the

reason behind the amplification. In this example, it seems that the

children's opportunity to directly observe the amplificatién
.influenced them to be11eve, but st111 left them w1th a sense tﬁat
they d1d not completely understand the teacher s science. Thls
implies thit.bellef can, precede understanding and that if.children
claim they believe some aspect of the teacher s science, it does
not necessarlly mean that they understand the teacher's science
or feel confldent in_the meanings they construct.

B: . . . like a desk is flat and smooth and hard, and
it makes [the hurdy gurdy] have a 1ouder sound.

" B: I belleved about the desk [maklng the hurdy. gurdy
have a louder sound].

B: [I wonder] about the desk.
on Decemberv7th, the teacher explained to ‘the children
that acoustic ceiling tile, and the wall's textured surface,

were capabie of absorbing sound. However, although Mrs. L

'~ drew a diagram on the board to assist her explanation, the .

chlldren did not have the opportunlty to campare the level of

sound. in thelr classroom to the level of sound in a room Wthh
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lacked these acoustic materials. Gordon congluded that although
- he understood the teacher's explanation. he found it difficult to
believe. Victoria admitted that she did not understand the
teacher s explanat1on and therefore did not believe the teacher's
explanatlon, and still wondered about this aspect of the lesson.
Samantha was able to recall and repeat the teacher's explanation,
but then added that she found this concept to be difficult to .
ggiigyg, hard to understand, and something about which she still
wondered. ’

S: But, it is hard to believe [the teacher's

explanation]. [It is hard to believe that] a big
sound [can go] into the little holes.
vChrlsta was also able to recall and repeat the Qeacher S
explanatlon, but then she added

C: How come hard [surfaces] don't absorb sound?

These comments about wondering, believing, and understanding
seem to support the idea that believing is in part dependent on
 the children's opportunif;ﬂéo observe direotly the outcome of a ¢
teacher demonstration or observe directly the outcome of a
., hands-on activity. Believing an observation, however, did not
necessarily mean that the children understood the teacher's

science or felt confident in the explanations they offered about

the teecher's science. Instead, perhape a combination of
o

believing, personal comprehension, and confidence were all required

before the children felt satisfied that they had come to a‘personal

understanding of the teacher's science. ‘ e

d) Summary Discussion

The children's comments over the course of this study
i

198
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revealed that a combination of.situational, cognitive, an
S °
affective factors influenced the meanings the children Constructed
of the teacher's science. In class, the teacher's choice of words,
materials, or her method of presentation could‘affect the children's
_constructed meanings. The knowledge the children brouéht to the
class and their ability to make links and perceive connections
élsé shaped the content of the constrﬁéted meanings.é The children's
motivation, commi tment, willingness to take responsibility for

their own learning, ;and willingness to encounter new ideas also

e . |

played a role in constracéihg'meaning.

These situational, cognitive, and affective factors influenced
the process in which each child judged, evaluated, and‘delibefa;ed
.over the teacher's_science. During this delibefation the children
argued with themselves about whether they‘could believe the teacher's
science, whether they could vomprehend the teacher's science, whether
they had confidence in the teacher's science, whether the teacher;s
science seemed plausible, and whether the teacher's science fit
what they already knew. This process of deliberation resulted"
in the children constructing meanings for the teacher's science
which could be resistant to change, or couid be fleetiﬁg in nature,
or could he gradually extended and modified.

It did not seem clear, however, if the children had subsumed
or adopted their constructed meanings. This was, in part, dud to
the children's remarks that it was possible to believe their
constéucted meanings but not understand these meanings, and
equally, that it was possible to understand their constructed

meanings but not believe these meanings. These remprks
. . e\, g

3



emphasized that the construction and~aiy
same pdgnitive

qt was also permeated by .

convictions.

Furthermore, it was di'ﬁ';blt to at
by subsumption and adoption. Osborne and Wiéﬁrock (1985) maintaIn
that subsumption has occurred when the new meaning is "incorporated
into memory, influencin§ and possibly altéring the memory store
itself in the process" (p. 66). This'mighﬁ imply that when the
children'are willing to incorporgte their constructed meanings
into their prior ideas, even if this incorporation risks altering

their prior ideas, then subsumption has occurred. Schutz (1971)

offers that agoption has occurred when the new culture becomes
- \\\\d-‘ 1t 3 .

"a matterﬁbf course, an unquestionable way of°life, a shelter,

and a prdtection"fip. 105). This implies that w%én.the children

feel segurévéﬂoﬁt their constructedbmeanings,.and perhaps even use

these meaning§ to interpret yet another new culture, then maybe

we can assume that adoption has occurred.

In order to come to any conclusions regarding the.children's

adoption or subsumption of their personal meanings, perhaps we
."could observe the children as they approached another new, and yet

related, unit of science. Would thei; prior ideas about this new

unit.of science contain reférences to their personal meanings of

Sound, or Qould the children offer ideas garnered from outside '

the science classroom? Would the children generate links between

their personal meanings of Sound and this new unit, or would they
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link the new unit to other ideas and experiences? ﬁénally, wngld ~
the children :ejgcg some of thé teacher's scignggminﬁthé new unit
because their pefsonal meanings:of\thé-§gggg ﬁnit appéared more
_'sensible and satisfactory, or woﬁld the children reject aspects

of the teacher's science because of a combination of othér

situational, cognitive, and affective factors’

This'ﬁiscussion about the difficulty of judging whether
subsumption or adoption has occurred contains some implications for
the teaching and evaiuation_of science in elementary classrooms.
© Additionally, the children's comments about making observationé,
perceiving the purpose of the lessen or task, generating links,
constructlng meanings, believing, and wonderlng all suggest that
although the children's struggle for personal understanding is
both personai’and unique, the;e are implications for classroom

» ,
teaching whfch can potentially assist and enhance the

construction and adoption of personal meanings.
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Chapter Eight

Conclusions and Implications

Pl

This cQapter presents conclusions and implications which
emerged from\the amin’atigb of the teacher': presentation of the
Sound unit, and@”the exploration of the‘children's experience
of the tedcher's science. The chapter begins with conclusions
and implications which support and challenge ideas, models, and
methodologies associated with a;ternétive framework research. Next,
implications for presenting science and Sound which arose from—the
children's'and Mrs. L's comments are combined with ideas offered
by other researchers to develop a teaching model which might be
compatible with the view of learning and teaching presented in
previous chapters. Finally, imbficatibns for pre-service teacher
education are offered, and the chaptef concludes with ideas for

future research.

A. Conclusions and Implications for Alternative Framework Research
The teacher's comments about presenting the §Qg§g unit, the
children's conversations about participating in the unit, and my
experiences of ‘observing ana interviewving both the teacher and’
the children, provided ideas which could potentiallf?ihterest
researchers involved in alternative framework research.
Specisically,'these ideas could inform éuestions about how children
constfuct personal understanding, could provide spme implications

for the Generative Learninq Model, and could offer some insight

into research meﬁhodologies which have been used in alternative
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framework research.

1. gConstructing Personal Understanding Through Conversation

At the conclusion of the Sound unit, I reflected on the
children's words and the teacher;s comments, and wondered how to
summarize their complex views'of learning, teaching, and
collaboration. It seemed to me that similarities between the
assumptions underlying a situational interpretive study likeé this
study, and tﬁe'assumptiond’hnderlying the words of thé teacher
and childfen, provided a metaphor for how children construct
personal understanding. ot

Situational interpretive studies afe based on the idea that
each personxyrings his or her own expertise, knowledge, and
viewpoints té_the research situatioﬁ. %Another assumption is that as
people participate in a situation, they interbret the same event
in different ways and give personal meanings to its various aspects
(Aoki, 1984). The researcher, therefore, must focus on the
multiple viewpoints that people bring to and ﬁse to interpret aj
situation. A situationai'interpretiye study such as a collaboratiwe
study, then, is based on "intersubjg;tive dialogue" with people in

* the situation (Werner, 1984).

In this study, the assgmptions and methods of situational
interpretive studies seemed éo act as a metaphor for the children's
experience‘of constructiné personal understanding. Each child |
broﬁght his or her viewpoints, skills, and prior knowledge to the
Sound unit. As they participated in the Sound unit, each child

interpreted the teacher’s science in .an individual way and gave

personal meaning to each aspect of the situation. The result was
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that as I recorded the children's prior knowledge, and interviewed

them throughout the unit aﬁout thqe unique interpretations they

4

constructed of the teacher's science, it appeared that the
observations they made, the links they generated, and the meanings
they constructed were the outcomes ‘af a‘be;sonal dialoque with

themselves, and a public dialogue with other participants, both
. N :
of which occurred as the children were immersed in theé situational

. D

P
Dty

<.

The metaphor that constructing understanding is like a dialogue

factors of the classroom.

or conversation can potentially explain mahy of the children's
comments, and Mrs. L's and my subsequent diécussioné of the complex,
évolving, and subjective nature of the children's construction of
meaning. First, dialogue is notfaxs%rict, objective, intellectual
exercise, but rat@s;,alwayé‘Contains the personality, philosophy,
and imagination of the participants. Like a stranger approaching a
new culture, the children brought their history and their "thinking
as usual" (Schutz, 1971) to the science classroom, and this
knowledge and history was used to identify familiar aspects of the
new culture and guide the process of delibefation which
characterized the constrfiction of meaning. Mrs. L and I discussed
the children's construction of a variety of meanings for the science
~-which was infiuenced by the children's prior knowledge and intellectual
ébiliti?§. We suspected,‘however, that the children's pérsonalities
and philosophies also played-a role in the construction_of meaning,
andfthis now seems compatibie with the metaphor of dialogue, and
SChutz's (1971) description of a stranger experiencing a process

of social assimilation. .



vsciente which is dlfferent from what the teacher 1ntended‘$

For example, if children construct a meaning of the teacher s

'his

4 could mean that (a) they have not understood the teacher s sc1ence,_ |

" or (b) the1r prlor 1deas 1nf1uenced them to construct an alternatlve

: meanlng,‘or-(c) they modlfled the teacher s sc1ence to support thelr

ex1st1ng 1deas.v Equally, alternatlve meanings of the teacher s

sc1ence could mean that (a) the Chlld was. not attend1ng to the

3 é

g 'teacher s sc1ence, or (b) the Chlld did not belleve the teacher s &

e
5@" -

science, or (c) although the child was,aware of the teacher s -

‘sc1ence, the Chlld felt more securlty with the meanlngs he or she

7sonally constructed These poss1ble reasons for chlldren
- &

constructlng alternatlve meanlngs of the teacher s science show

that constructlng mean1ng is more than an 1ntelleEtual exerc1se

anvolv1ng the constructlon of llnks.. Instead,,constructlng

' "meanlng is characterlzed by the ch1ldren convers1ng with themselves

- and potentlal securlty of the teacher s sc1ence

. M‘? h
and w1th each other while Judglng the bellevablllty, sen51b111ty,

-

The 1dea of a d1alogue can also be used to dlscuss Mrs L's

and ‘my observatlonﬂthat at t1mes we could ant1c1pate how a certain

4ch11d would approach and react to a lesson, and at other tlmes we

'7observe that ,’ .

.

could be surprlsed by . how. the same ch1ld would approach another
lesson.‘ Some researchers who have explored how children approach

learnlng have subsequently developed 1lsts of learnlng or cognltlve

' styles 1nto whlch chlldren can be - categorlzed. Corno and. Snow (1986)

' We associate [cognltlve or’ learnlhg styles] w1th the overlap
‘between individual differences in intellectual abilities .
and personality characteristics.. This is consistent ERREE o

o
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w1th”Méss1ck's*(1972) deflnltlon of cognitive styles as '
'1nformat10n processing regularities that develop in
congen1a1 ways around underlying personality trends
(p. 4) (Corno, & Snow, 1986, p. 617) .

Corno. and Snow (1986)3@hen add that cognltlve styles describe

‘chlldren ] "typlcal pr;penslty for a certain ‘manner:’ of work in

given s1tuat10ns"§Xp 617)
In this study, however, it seems that although the chlldren s
'7approach and reactlon to the teacher s science was 1nfluenced by

’1ntellectual ablllty ‘and personalltv characterlstrcs, the teacher s

presentatlon of the science lessmevﬁrt +the chlldren s prlor
experiences were also significant fac:rs in determlnlng how thes
';children would -approach.and react to the'teacher's science. “
This suggesgs that theconSt%uction of meaning, like a dialogue,
is.influenced bytwhat the participants‘bring,to the situation or
conversation,fis immersed»in the situation.in which the'participants
.find themselves, and 1s permeated by -the 1ntellect, personalltles,
and philosophies of the part1c1pants. For example, durlng the
Sound unlt, Victoria sometlmeS‘approached‘the‘teacher's science in
a probdng, methodical, critical style,'and on‘other occasions she
seemed more 11kely to accept- and repeat the teacher s science. It
seemed that these apparently differing styles were not only
the result of cogn1t1ve and affectlve factors, but were also B
influenced by Vlctorla s (a) fam111ar1ty with aspects of the 1esson,i
or her (b) perceptlon of 1dentlcal-words, objects, and actions,
or her‘(c) opnortunity to work along or with otherschildren,
_~or (d) the richness of her prior exper1ences of sound.. Therefore,
‘although cogn1t1ve and affective factors do influence the 5

_ construction of.perSOnal understanding, it must be added that the

v

0L
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teacher's presentation of the ecienCe; and the childrenvs prior
knoWledge‘are-also impgrtant, and, perhaps this precludes

' Categorizing the children into some consistent cognitive or
learning style. v |

The‘idea'of dialogue or conversation and Schutz's (1971)

‘descriptiOn of a stranger can\also be used tc descrihe‘the process

| of struggl1ng towards personal understandlng .It ah%eared that
when the children were first exposed. to some aspect.of the teacher s .
“science, they participated in an-internal, private d;alegue in which
they tended to seek out famlllar elements in the teacher S science,
and then frelate these elements to information'already stored/in__
'memory ThlS is 51m11ar to Schutz s (1971) idea that the stranger

2

‘may begin to interpret a new culture in terms of his or her home
surroundings. The process of relatlng the teacher'sfsqteﬁée&to
what they already knew seemed at tlmes to have a creat&ve,
imaginative element, and could be 1nflueiifd by an external "
dialogue w1th other classroom part1c1pants, and by the teacher s
presentatlon of the science. The links, the children made between
.the teacher's science and what they already knew were tentative
and dlsplayed d1ffer1ng degrees of meanlngfulness of - thought T .
Schutz (1971)'descr1bes this tentativeness.as belng‘characterlstic
of the stranger who oscillates between remoteneSS'and intimacy,

, and may be "nnwilling or unable to eubstitute the'newlcultural
pattern for.that of the home groun" (p. 104). This oscillation

‘may,vin part, be_indicative of the chltnre.shock the children may
feel»when preésented with thevteacher's science. Wittrock (1986)

- interprets the tentative nature of children's comments to be
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an indication of the meaningfulness of the links the children have

‘generated h

+

Both learnlng with understanding and factual or other
learning that need not lead to understanding involve the
'learner generation of relations. However, the meaningful
nature of the relations differs because of the way the
information relates to other information, ‘to the learner's
expetrience, and the 1earner's organized‘knowledge (p. 306)
. [ Y .

‘ Perhaps the meanmgful nature of the links was Tfluenced by such

,u"‘

faétbrs as the richness of the children"s prior experiences, their

intellect ggd personalltles, and those factors which the children
1dent1f1ed as 1nf1uenc1ng thelr w1111ngness to belleve the teacher's .
science. | B
As the children formed i&nks betweeh the teacher's science and
what they alread? knew,‘they'wefe contihqa;ly making judgements and
- conversing with themselvesﬁébout thesebligks, and what the links
potehtially impiied about their existing ideas anosthe teacher's
science. These Judgements could result in the retentlon,n
'mod1f1cat10n, and extension of ex1st1ng ideas, or the modification
of the teacher's.sc1ence to support ex1st1ng ideas, or even what
appeared to-be-aésudden sabStitutioh of ekiSting ideas Q{Eh the
teacher's scienc such as thatvexperienced b} Gorddn when he. heard
the- Janltor vacuumlng in the hallway Agaih, the children’s
‘Judgements seemed to be influenced by a comblnatlon of cognitive
and affective factors, in addition to their pr1or experlences and
the teacher's presentation of'the science{
The links the children made, and the.petsonal and hublic
dialogue that existed between the children and the teacher's

presentation of the science) led to the formulation of personal
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meanings'uhich could be at variance with what the teacher intended,
| and- could contain.a combination of ideas bound by meaningful 1inks, i
and ideas which seemed to poesess only a tenuous, doubtful
association with the children's;personal meanings. It was
: difficult to assess if and what personal neanings werquuheumed
. or adopted-by‘the children, or uhether only those ideae:boundy
by meaningful, quality links potentially stood to be subsumed.

Schutz (1971) pronoses that the‘stranger may remain in a continuous
" process of inquiry; perhaps the stranger's conversation with the “
new culture does not end. _Regardless, this process of struggling.
towards a.personal understanding did establish that the children
actively tried to understand the teacher s sc1ence, that thelr
‘1deas evolved and changed throughout the = ence unit, that their
alte:native ideas were'lntelllgent and Justifiable, and that the
children were willing to persist towards forming'a more'personally,
‘coherent view of the world. ) |
fhis.pictureiofihow the children constructed meaning suggests
that " tHe const;uction of meaning is not some’mechanical;ﬂlock—step)J
analytical purSuit, but rather. bears resemblance to afdialogue'in
which the‘children approach ney ideas,'reason with themselves, converse
wéth other children, and are influenced by the classroom situation.
This dialogue 1s influenced by the intellectual capabllitles, |
personalities, and phllOSOphleS of the chlldren, and perhaps this
‘suggests that any hypotheses regarding‘the nature? content, and
construction of child;en"s meanings should include\a recsgnition
that children bring much more to the science'clas;%oon than prior.

“ideas about the science topic.
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" seems to mirror and describe our stance in the world. The children's

;%"

Finally, this idea that constructing meaning is like a dialogue

act of cdnstructing meaning involved participating in the science

class and searching for some personal meaning of the teacher's science
through conversations with themselves and with others. These actions

also underlie our position in the world in that we are not isolated

entities, but rather we define the world through our
inﬁeréonnection and relationship with it. We do nbﬁ stand alone
but' are cénstantly reaching out to the world in our search for |
pérsonalﬂmeaning. Maybe when the childrenv&glked about Lheir
participation in’science,_and'how they'constrgcted personal
meanings of the teaéher's science, they were also deseribing our
essenpial participation-o; conversation with tﬁe world and how
through this cqntinuai coﬁvé}saﬁion we_discovér and give meaniﬁb

to our world and our  Selves.

2. Generative Learning Model

Osborne and Wittrock (1985) admit that "any model to do
with human learning is an %versimplification of reality. The /
éenerativeilearning‘médel is ﬁo gxception" (p? 66). The purpose
df thesé médels,vhowever, is to provide a focus‘for discussion
and thought, and to pr&vide é representation of reality which éan
then be used for the less strenuous purposes of‘comparison and
critique; In this ééudy, the children's comments at timeé seémed

to support some aspects of the Generative Learning Model, and at

.other times challenged some aspects of this model. These issues
are discussed in the following paragraphs.
‘One criticism concerned the vocabulary of the Generative

.-

\
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learnigg Mod . Chapter’Seven began with the assertion that the

terminology of the Generative Learning Model seemed mechanical and
did not appear to portray the chlldren s human experience of |
science. Perhaps the children's ccnnents about belief, and my
discﬁSSion about how.the constructlon of meaning might resemble

a dialogue or conversation supports this initial'assertion.

Additlonally, the Generatlve Learning Model contains the term

gggnitive structure and White and Tisher (1986) note that "in

science education, cognitive structure is cnnnnnly»deflned as the
_representation of relations between elements of memory" (p. 883)
Perhaps this term 1mplies a statlc model of relatlonshlps, and maybe ‘

3
1earnihg models should strive to 1ncorporate termlnology Wthh

N )
can portray the dynamlc, evolv1ng relatlonshlps_which emerged
 during this study.

Another criticism of the Generative Learning Model could

- regard the fragmented view of children implied inbdiscussions

. about the construction of meaninéﬁ Pope and;Keen.(1981) argue'that
perhaps by taking a more holistic view of children and recognizing
that affective faCtors integrate with cognitive'factors in children's -
attempts to make’sense ofvthe teacher's'science; greater attention
can be focussed on the’interdependence of factors which influence
children's struggle'forfunderstanding. Certainly'this
interdependence'emerged in thisxstudy and was described as being a
natural part of conversation or dialogue, however, perhaps the
sheer, camplicated, weaying of factors'uillioverwhelm efforts

to identify and present practical implications suitablé for

classrbom'use. QGsborne and Wittrock (1985) argue: gf’
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While accepting the interdependence of factors.such as

selection, attention, and so on - and the importance of
maintaining a holistic viewpoint - we consider that in

teasing out aspects of learning, using the key postulates of

the model, specific implications for teaching and learning
can be isolated and focussed on. (p. 70) '

Therefore, .although the interdeﬁendence ofxfactors reflects the
reaiity of the children's struggle for Lhdefytanding and should
be presented to teachers interestéd‘in how children approach
teacher's science, it may bg necessary to dr:w Gahtious boﬁndaries
around some of these factors in order to indic;te implications
which would bé useful within the existing structure and philésophy

of schdols.

In this study, the childrgn's commentg seem to support the

Generative Learning Model's contention that children refer to their
prior experiences and knowledge, and génerate links which assist.
in constructing meanings of the teacher's scieﬁbe.,.Certainlf, the
children's many references to experiences at home and their ideas
about Sound suppoft this idea. HoweQe:, perhaps‘the Generative

Learning Model could be éxpanded to include the idea that although

the children do make links between the teacher's sci#smne and what
they already kndw, the act of making these links =+ oma

creative, imaginative element.

The Generative Learning Model accounts for:

possessing ideas which are uninfluenced, or influd
unanticipated ways by classroom experiences, by eﬁphésféing
the role of existing ideas on the children's science ideas, and
the ‘role of.the links which are'generﬁted in a unique way to

unéhticipated aspects of nemoryoétore. Perhaps the role the

-
-
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presentation of the sciencg lesson, and the content of those lessons
play on the children's ideas could be added to this list of factors
which influence children's ideas. For example, it seemed that the
children could possess uninfluenced ideas or ideas influenced in
unanticipated ways because the children did not believe an aspect of
the teacher's.science that was presented in a film. Although this
does not exclude the influence of ex;sting ideas on determining
the children's ideas about science, it perhaps does draw attention
to the impartance of including classroom factors in any discussion

K

about children's ideas in school situations. A

3. Research MEthoddlogies in Alternative Framework Research

| Researchers have presented critiques of methodologiés
which have been used in the area of altermative framework research
(Posner, & Gertzog, 1982; Sutton, '1980). The influence of
collaborative methodologies on this study wa$ presented in
Chapter Five. There were, however, other ideas which grew out of
the children's comments agout Sound that may contain implications
for lists of children's alternative ideas, and for methodologies
involving interviewing children.

Driver and Easley (1978) have noted that the compilation of
lists of children's ideas does "not yield interpretive poﬁer"
(p. 69). They emphasize that we must understand the reasoﬁs behind
children's ideas before "progress can be made in instructional
terms" (p. 68). Osborne, Eiddulpﬁ, Freybefg, and Symington (1982)
add that "research which.simply points outimiémétches ﬁetween
the teachiné and learning of science is likely to . . . reduce

the science component of the curriculum actually provided in the
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classroom" (p. 4). Further, Driver and Erickson (1983) have

suggested that research techniques used to investigate and discover
3 children's ideas may influence the nature and content of those ideas.

We suggest that student's responses may differ

significantly depending on whether they are investigated
using a technique which is conceptually framed [e.g., word
association, concept mapping] or one based on an actual event
or phenomerion: the former eliciting propositional knowledge
and the latter what we call knowledge-in-action. (p. 43)

In this study, it was obvious that the children had many ideas

\about sound which could be called 'knowledge—in—actidn' aﬁd

. »
could have been presented in the form of a list of alternative

ideas. However, what seemed clear from my conversations with the

children was that these ideas were open to many interpretations. &

For example, it.did not seem clear if these altetnative ideas were
(a) ideas that the children believed, or (b) ideas that the

. children just recalled and repeated, or (c) ideas which the children
L3

é

were just considering during the process of understanding, or (d)

ideas the children spontaneously invented to please me or to avoid
embarragsment. Simply, the ideas which could have been listed and

referred to as Children's Alternative Ideas About Sound, would not

have been an accurate reflection of the children's personal

understanding of¢ sound. Therefore, although lists ‘of ideas may be
interesting to read,, the lists should not be presented as e

containing ideas which children have subsumed or adopted, the lists

should not be used to indicate the failure of current teaching
practices, amd the lists should not be used to found a new set of

- curriculum materials intended to 'correct' these ideas
-

In the study it seemed that/gﬁg~interview situation was
' s ‘

) ,
it
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capable of causing the children to forget details of the lessons,
or fo provide answers about which they'were unsure. Driver, Guesne,
and T™iberghien (1985) comment that:

One of the problems involved in.investigating children's

ideas is devising ways of probing thinking which enable us to

so£t<out the status of the responses we obtain; to

{ distinguish between those ideas which play a significant part
in the thisking of an individual or a group and those which
are.guﬁQfd!‘d in an ad hoc way in response to the social
pressure to produce an an answer in an interview or test
- situation. (p. 196)

As the study pr6§ressed, however, it seemed that the children ‘
were more likély to express openly their uncertainty about the
explanations they offered, were more likely to admit to strategic

‘ 0) . '
inattention, and were more llkely to decline to answer some
questions. éerhaps this change was due in part to.the length of
the study and the time this allowed for building a relationship
of trust with the children, and the children's gradual realization
that all answers were acceptable. This might suggest that studies

which are carried out over a length of time, and.-are conducted

in an atmosphere of trust and o ess may provide the environment

in which the status of children/s fesponses cdly be assessed.
‘ Finally, the duration of |the study, and the opportunity the
children had to respond to papls of the teacher's science which

were part of their classroom s ce unit, combined to create a

5

picture of children in science;which emphasized the range of ideas
they possessed, and the intelligence of these ideas. Perhaps
aiternﬁgive framework methodologies which involve removing children
xfrom the classroom context and asking the children to respond to

situations or questions generated in isolation by the researcher, = (__
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 work against arriving at an appreciation of the intelligence of
.the network of ideas which lie behind the children's answers,
and which come from the children's participation in science class.

B. Implications for Presenting Science and Sound to Children

Any implications for presenting science and sound to
children should be consistent with the view of constructing
personal understanding which emerged from the children's comments.
Also, implications should be sympathetic to the teacher's
experience of working within a school system, and the teacher's
concerns about time restrictions, lack of equipment, limited
pre-service preparation, discipline, available resources,

) f

curriculum responsibilities, and provincial and system-wide

~§9:ma1 evaluations. Further, perhaps this concern for implications
' ) )

which are sensitive to the children's experience of learning, and

are sensitive to the teacher's<::perience of teaching in the existing

school system, reveals the potehtial for conflict between a

constructivist view of learning and the philosophy and structure

of the existing school system. Biddulph (1982b) identifies one

conflict which may exist between a constructivist view of learning

and current teaching models.,

The common teaching model used may well result in some

problems as far as children's learning in science is

concerned. The communication system established by teachers

using this model carries embedded in it the notion that

knowledge is something that is received from an authority

rather than something that students construct for themselves.

(p. 28) ‘ ‘
Barnes (1976) adds "there is an implicit conflict between the

teacher's responsibility for control and his [or her]

responsibility for learning: the one treats pupils as receivers



and the other treats them as makers" (p. 176). Therefore, perhaps
any impiications suggested must strive to strike a balance between
the constructivist view of 1earnin§ and the s?ructure of the
egisting school éystem until such time that change can occur to
current conceptions of school in society. - White'(1983) offers:
Schools have had such a long run in their present form

. . that we tend to assume that they are permanent, stable,
easily able to resist attempts to change them. They are,
however, instruments of society,\and once a view builds up
that they are not meeting the needs of society they will be
'forced to change. (p. 3)
In this study, the unanticipated ideas which the‘children '
possessed, and the children's reasons for these ideas, gave Mrs. L
and me the idea Fhat the teacher stood on the periphery of the
children's struggle for personal understanding. To an extent,
this was correct because the links éhé£ the children made between
existing ideas in memory store and incoming sensory information
were something only they could make. Osborne and Wittrock (1985)
have made similar observatiéns and argue that "[uninfluenced
ideas] re-emphasize the complei:e lack of direct control a éeacher
has in ensuring tha:'specificiconstruCtions occur and in
ensuring existing ideas are influenced in hoped for ways" (p. 69).
Howevér, the childreh's comments about the lessons' purpose,
making observations, and what %pfluenced their belief, in addition
to my discussion of the difficulty of assessing subsume}ion
and adoption, reveal that the teacher can play a role in'
assisting the children to construct meanings which approach w%et

the teacher intended, and cantplay a role in clarifying the

‘assessment of subsuhption.

217
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But, it is iS;Bnggstent to include the teacher in collaboration

with data, and yet to exclude er from providing and assessing
implications derived frém that data. Olégn (1982a) warns that

"if we adopt the idea that the role of the outsider is to offer the
insider guidance, nop orders, then we are led to consult the
insider by the very nature of the guidance act itself" (p. 21).
Therefore, Mrs. L participated in the formulation of the ideas
presented in this chapter, and provided comments about them and
the observations she made which influenced her. The following
section describes how Mrs. L's ideas about student understanding

L4 .
were changed or modified as a result of participating in this

s
‘study, and then the implicakions which emerged from her thoughts

are blended with implications offered by other researchers té form
some tentative ideas for a teaching model, for the role of the )
teacher within this model, and for potential questions about

sound which might be contained in this model.

1. Teacher's Observations of Student Understanding

Mrs. L wrote that she had initially expected that
the children would have understood more of the content of the
” . .
Sound unit.than what appeared in the interview transcripts.

In regards to the science content of this unit, I

suppose I thought the children would learn more than I can
now see they do. The [interview] transcripts show that the
[five children] already had somé good prior ideas about
sound, and experience with sound. The [Sound] unit seems to
have added only a little real learning [where they felt they
understood things], and in fact [the Sound unit] hasn't
changed too many of their original notions.

Mrs. L sunqarized by saying that probably all the children in

the class still found it difficult to understand such ideas



"aé: (a) How sound is made, (b) how sdund“traVéis) (c)'WHat”ﬁﬁkes

'high and 1ow sound, (d) amp11f1cat10n, (e) ‘vacuums;, and (f) ‘some

of the vocabulary

' Mrs. L was also’ 1mpressed w1th the un1que, personal way in

'whlch the chlldren approached the. sc1ence activities, and the
c o
varlety of ideas the ch11dren possessed at the end of the lesson.

The traascrlpts impressively show what ybu haVe been.
‘ aylﬂg about how' children bring a unique approach to. their
'flearnlng, and that their 1nterpretat10ns of what. théyﬁaearned
from doing the same activities varies astonlshlngly(>\1
_primarily think of how very dlfferent Ivictoria‘s] & '\ -
1nterpretat10ns wvere. o
[The children's] varied explanatlons for the same ;
phenomenon were a revelation to me.. I no longer will be sure
of just what [the children] are: 1n,fact learning in science.
What's” impressive is that.they-:came to sucq different notions
after w1111ng1y carrylng out the tasks ‘in simllar ways
= o .

The chlldren s creathlty and the way 1n whlch they

1nvented new uses for the science materlals also 1mpressed
MrS L ‘ LSRN ' ‘ N o
: s ' : : ™,
: '[The chlldren] not only had no trouhle with the tasks, LN
.-but . the transcripts show that they all found it easy to come '
. .“up with new and different uses for the materials given time.

“hThenSound unit'also'contained abstractrconcepts involving

energy, molecﬁles}dsonnd waves, ard the structure of matter.

Mrs L wrote

I thogght [abstract 1deas] were tOO@dlfflcult, NOW . I
know they are. I really have to -admire the children for ‘the

- way they earnestly considered all the new, [and abstract]

, ‘ideas, and how they w1111ng1y made*dttempbs to come up. w1th
explanations acceptable to themselvés. -
‘ The transcripts showed [the children] 1earned easy
thlngs < names of new objects, new phy81cal skllls such as

, .using a tin can telephone effectlvely, rlnglng tunlng'forks, o
\fand vibratlng sound sticks. . R

Mrs. L sumuarlzed by saylng that there seemed to be many

' factorsrwhlch 1nfluenced the chlldren s.personal understandlng v
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of the Sound un1t, and among these factors were (a) the opportunlty
for. hands—on experiences, (b) the time allowed for the activities,
(c) the persona11t1es of the chlldren, (d) the chlldren s
.motlvatlon to learn, (e) the children's readiness to learn, and

(f£) the content of the science unit. »She'commentedr

Obviously when [the children] can do someth“ they

think that they have found out something. , when you

hear what they believe, it's something about a table being .

hollow. I think that [the children] feel théy have moved on

in their knowledge when they have done something. :
The children [learned] what they have tested and tried

for themselves. They learp what they want to, and they don't

learn what they don't want’ to. . The question here is: What

is the influence? . Is it personal1ty, or a lack of curlosity,

or, vhat do we even mean by [personality and cur1051ty]?

"~ I think [the children] learn somethlng\when they are
ready to learn it. . . . Othérwise, they just have a
memorized answer, and I think those fade very quickly. Some
of the [childgen] were unable to answer my [review questions}
at the end of @he unit. I believed they"understood earlier
when the explanation was stlll ringing in their ears, but
then [their explanation] was gore by [the end of the unit].

These comments, obServatlons, and summary statements
regafdlng how the teacher s 1deas about student understand1ng were
changed and modlffed as 1 result of th1s study naturally led éb
d1scuss1ons about.how teachers should approach the presentat1on‘e
of -scien = in elementary classrooms The tentat1ve ideas which

emerged from.s hese dlscuss1ons, and addltlonal 1deas offere:iby

other researchers, are,presented 1n the remalnder of this s tlon.

B ‘-L

2, Current Ideas for. Teachlngﬁgagels | |
Many researchers have presented models and 1mp11cat10ns ;
~for: teachlng sc1ence whlch are sens£€1ve to a construct1v1st
»v1ew of learn1ng (Barnes, 1976; B1ddulph, & McMinn, 1983 Blddulph,
»& Osborne, 1983 B1ddulph, Osborne, & Freyberg, 1983 B1ddulph,.

1Roger, 1983; Champagne, Gunstone, & Klopfer, 1983, Drlver, &



'"'Bell,‘1986: Drluer,'& Easley;-1978;'Driver,‘Guesne, & Tiberghien;' E
‘1985;;Harlen; & bsborne, 1985‘ Osbbrne, Biddulph, Freyberg, &
Symington, 1982; Oshorne, & Wittrock, 1983, Osborne,v& Wittrock;
1985; Renner, 1982; Symingtony Elddulph, Happs, & Osborne, 1982;
'Whlte, 1979; wWittrock, 1986) The phllOSOth underlylng these

models and 1mp11cat1ons seems 1n part to be reminiscent of the

Elementary Sc1ence‘Studyfcurr1culum materlals. Symlngton, !

| Biddulphr?Happs, and Osborne (1982) maintain that:»

Teachlng science in the primary school should help
children to achieve more meaningful interaction with their
world. Meaningfulness has two aspects, viz, being able to do
things, and being able- to made sense of the world. . .
-While we need to help younger children act on, observe, and
~ attempt to understand their immediate world._in their own way
as_they grow, we also need to help them: (i) appreciate and
be interested in a wider view of the world; and (ii) be :
interested in other people's explanations of the world and
how su@h explanations have been obtained.” (p. 3,4)

This phllOSOphy, and mutations and 1nterpretat1ons of thlS
phllosophy, have been balanded aga1nst the observatlons

researchers have made about chlldren S -classroom science experlences,
and the ideas children possess about teacher'’s sc1ence. This has

resulted in suggestions about children, teachers, and curriculum
which include: _ ' % |

0y o7 " - . L .
A 1. scien c‘lesson% should be based on children's questions;
‘ ;2; chlldren should become more respon51ble learners, |

3. -teachers; should fac111tate chlldren 's constructlon
of meaning; - : SR A o
2 ' | Vs
4. teachers should help children relate new 1nformat1o
to their existing ideas;

5. ~the530ntent of current science curr1cu1a should
modified;

;6. new forms of assessmentsshould be develo
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7. teachers should explore children's prior ideas;
8. greater‘time,should be allowed,to science;

9. ‘science tasks should be more open-ended; o

10. children should be encouraged to share and exchange
~ ideas; ‘

——  11. and, children should be exposed to a varlety of
concrete experlences \

These‘suggestlons are meant to put children at'the}center'of the -
learning experience and to involve them 1n tasks whichware concrete,
relevant, and 1nvolve children 1n 1ndependently explorlng their

own questions about the science top1c Teachers assume the-role

I :
. w"

of fac111tator of the chlldren S learning, helpiﬁg chlldren to
relate the science to what they already know, questioning the

children about thelr 1ndependent exploratlons, and providlng an

_ environment in whlch chlldren exchange and share in their

R . "*f‘ '\ t ' ' [
dlscoverles. "agx
. %
This view of chlldren and teachers can be found in the

.

Learnlng 1n Sc1ence Pro;ect's [LISP] Alternatlve TEaching Strategx

(Biddulph, & Roger, 1983), and in Harlen and Osborne's (1985)
reconmendations for a teaching model based on an eXploration
phase,'investigaﬁion phase, and a,refiection'phase. Both of these
models emohasize.that the ideas children possess about the science
topic shouid form thefbasis of sciencé,units in‘which children . o
‘independentiy'explore their own questions, and then report their
‘findings’to the rest of the class (Biddulph, &uMcM;nn, 1983; |
Biddulph, & Osborne, 1982; Biddulph, & hoger, 1983;.har1en, &
Osborne, 1985). Teachers who have tried teaching models based

on children's independent exploration of questions},however, have
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' commented that there are some problems w1th thls model which include:

the difficulty of guiding chlldren ‘to select Su1table,
manageable questions'

a lack of approprlate resource materlals,
~k¢

the considerable amount of time requlred by the children
to explore their questions;

the teacher's sense that there was a lack of clearly
defined goals' o

the teacher's sense of uncertalnty about the direction

'of the science unit ‘and what he or she was trylng

to achieve;
the difficulty children experlenced trying to carry out
scientific 1nvestlgatlons, aﬁ

the researcher's reservations about whether worthwhile
learning was taking place;

the childrenls variable interest in the- reports of
others, especially if these reports were lengthy; and

the children's requests that sometimes they would
like to be told the answers to some of their quest1ons
(Adapted . from B Blddulph, & McMinn, 1983)

On the p051t1ve side, the teachers commented that:

1.

2.

the children were motivated and interested;

“the children engaged in research outside the classroom;
. ,the chlldren seemed more in control and

the chlldren s intelligence and thoughtfulness were

revealed to a greater extent than they wbuld have been
in a more traditional classroom setting. (Adapted from
Biddulph, & McMinn, 1983) :

- Perhaps these pros and cons of a model based on chlldren

1ndependently explor1ng their own questlons 1mp1y that - although

chlldren S questions can be a starting point for motivated,

enthusiastic learning, this approach should be balanced with more

teacher-directed approaches to teaching which could be modified to
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encourage children to generate,afpersOnal understanding of the
teacher's science, and which could contain a structure and sense

of purpose with‘which teachers might be more’ comfortable. In this

way, a balanced approach would be sensitive to the variety of

experiencez knowledge, and per§ona1 preferences teachers bring
to the classroom, and to the teacher's experience of working
w1th1n the ex1st1ng school system Thls balanced approach to
teachlng is presented in the" following section

3. A Balanced Approach to Presenting Science

, The balanced approach to the presentation of science is

based on the idea that science units can be sympathetic to a

'constnpctivist_view of learning, can incorporate student-generated

questions, and yet can contain‘times of direct instruction, teacher-

demonstrations, film viewing, teacher-directed activities,'and,

-

independent student exploration. An outline of this model is
presented in Table 10, and this model is-discussed‘in the following

sections.

a) Exploring,Children!s'Prior»Ideas of the Topic

There is now a growing group of educators who argue

that, for the teachlng/learnlng dialogue to he effective, it .
is important for the teacher to come to an_understanding ‘of
the student's frameworks. What is relevafit to tke learner is
of. 1mportance, and for education to
between teacher and learngr, it ig
some' awareness of the’ other s
1982, p. 8) °

In this study, the childrenﬁs frequent references to their

prior ideas, and the idea that understanding arises from the links
the children make between the teache 's science and what they

already know, suggests the 1mportance of ga1n1ng knowledge of, the
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" TABLE 10 - 7

Balanced Teachjpg;Model

'Exploring Children's Exploring Children's Prior Ideas

Prior Ideas _ of the Topic
‘Formulating a Unit ' . Children Involved in
Based on Independerit Exploration of
Children's Questions Concrete Objects Associated with
' Topic - l :
. , ©* +  Children Record Their Questions

A - About Concrete Materials -

Children's Questions Used to
Formulate the Unit Framework

i .
= .
Exploration of R R Exploration of Children's Questions
Children's Questions ; . . Using Various Approaches <:jj
Direct Teacher - . Films' Teacher Independent
Instruction Demonstration - Directed Student
: . Activities  Exploration

Conclusion _ Unit Conclusion A : ‘

e

Evaluation Evaluation
\ | (ongoing & cumulative)



children's‘pfio ideas. Therefore, the first phase of this teaching
model involves th\teacher's exploratfon of the ideas the children
' already possess‘about the science prior to the cammencement of the
unit. Mrs. L wrote:

I really have never [found out what the children already

know] in sciemce. Yet, it would be interesting to think up

some baseline questions to ask before starting the unit.

When you find out what the children know, partly, know
and don't know about a topic before teaching it, you can use
this to find a starting point in the area that is familiar to
them, then you can proceed to new areas.
At the end [of the unit] you can compare and see what new
learning has taken place, and what aspects. still remain '\
~ unclear.

In this comment, Mrs. L maintains that the teacher's knowledge
of children's prior ideas can potentially affect the content and
framework of the science unit, and can provide an informal
assessment of the efficacy of the science unit. Minstrell (1983)
%dds that knowledge of children's prior ideas enables the teacher

| - , o | , .

tF provide experiences which are directly related to these ideas.

P%rhaps this could have been important'in the initial Sound lesson
. : . ’ : L |

w#en some;children were able to rationalize that movement was not

‘aiways ay requlrement of sound because the teacher was only referring

‘to the obJects she presented in class, and was not referring to the

ob;ects’they mentioned in their 1n1t1a1 1nterv1ews Also, if a

Wl

‘ teache; is aware of the chlldren s pr1or ideas, perhaps he or she
tcanustr1ve to make direct reference to these prior ideas during
hlS or her demonstratlons and lectures, and this might help
cﬁ&ldren to relate the teacher's sc1ence to what they already know.
Mrs. L also mentlons that some 'baseline' questions could be

" used to help the -teacher explogg children's prior ideas.



Sutton (1980) provides a critique and overview of methoés
reseérchers have used to explore children's ﬁrior ideas; some 6f
tM8se methods are (a) clinical interviews with individual pupils,
(b) Qord association or word;sorting tasks, (c) asking children
to write definitions, (d) asking children to choose a preferred
statement from several correct ones, and (e) tasks which involve
bipolar dimensions on,wh%Fh an idea is rated. Sutton (1980)
argues that "the ideal aid would-be a set of diagnostic
procsdures, usable at the beginning of any topic, to give teacher
and pupil better insight into the pupil's dominant thought
‘patterns” (p. 119). Sutton (1980) suggests that tﬁe most
feasiblevclassroom approaches migh€ be:

‘1. Pupll's construction and discussion of their own 'burs'
[as contained in mind map diagramS], 2

2. Preparation of different maps or 'overviews' of a
topic by the samé pupil, but in response to sllghtly
different e11c1t1ng tasks, and Yy

3. Sorting tasks with words and objects, used to discern .
not only the categories but also the mental routines
most readily available %o the learner. (p. 119)

But, perhaps the major consideration influencing the teacher's

exploration of children's;prior ideas are available time and ease'

of exploration. This may suggest that the identification of

4

children's prior ideas should be a procéss vhich only demands one
science period,'and perhaps would entail the children recording

written coments in response to a restricted number of teacher

questions, demonstrations, or scenarios. During the science unit,

'children might recall additional ideas they already possess about

the topic and these ideas may also be recorded on.the initial

227



list of prior ideas. ~ \ ﬁ

b) Formulating a Unit Based on Children s Qgestions

The next step' in’ this model would be to involve the

children in independent exploratiom of concrete materials related
. "

to the science topic, and’ concrete materials similar or identical
2

to objects the childrennnentioned in their prior ideas about the

¢

-

science topic The' children would be requlred top record the

Vg

Vi
questlons they ha#e ﬁbout these materials, and to make some

potential predl§£ldhs about the answers to these questions. These

Y
P

‘questions and predictions could be recorded in the children's

notebooks, or,compiled and listed on charts that every child could

‘view and reaél

i

This idea of initially encourag1ng chlldren to explore

concrete materlals and to record their own questiong, is an idea

found 1n’the LISP model of alternative teaching, in Harlen and *

Osborne S (1985) model for learning and teachlng, and in discussions

~

. of feved by a varlety of researchers. The reasons for beginning

with children's exploration of concrete materials and children's

questions include:

1.

questions can emerge which can be explored in independent
investigations (Harlen, & Osborne, 1985, p. 142);

questions stimulate other questions and stimulate

228

children's interest and motivation in the topic (Biddulph, &

Osborne, 1982);

children appreciate lessons based on their questions

children's predictions provide insight into their
thinking and into the vay they interpret the questions.
(Biddulph, & Osborne, 1982; Anderson, & Smith, 1984); and

this process assists children in perceiving the
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relevance of science (Harlen, & Osborne, 1985; Osborne,
1985). .

In ‘this study, the children added that exploration wit-rh
concrete materials could potentially affﬁ:t their understanding
of the t\ea'cher’s science, and their belief in the teacher's‘*science.
Also,‘ the use of similar or identical concrete objects could affect
their perception of relationships between lessons and between tasks,
and perhaps could encourage children to make links beﬁween the
teacher's science and what they alread; knew.

Some of the questions which emerge from the children's
initial manipulation of concrete objects can be used to form the
framework of the science unit. In this way, the children will
recognize that their questions are valued, and th¥s could affect
the children's motivation and interest in thescience unit
(Biddulph, & Osborne, 1982). Further, Wittrock (1986) has observed
that in regard to réading comprehension, a s;udent-generated

structure facilitates comprehension more than a teacher-provided

structure. If this observation can be applied to science education, -
RN
then perhaps a science unit which is based on student-generated . {'f Yot

kg

questions could result in greater student understanding.
. L4

What seems most difficult from the teacher's standpoin.t, is
the actual process of deciding which student-generated questions
will be included in the unit framework, and which questioné- wiil ~
be éét aside. Teachers who participated in the LISP studies
encountered ‘difficulty,with this ‘aspéct of their alternative
teaching model, and researchers concluded that clear guideline‘se

should be provided to teachers to aséist them in question

selection (Biddulph, & McMinn, 1983). Perhaps some of these
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guidelines might ine¢lude:

1. ensuring that every child in the class has at least one /
. question included in the unit framework;

2. choosing questions which will help children gain a
basic understanding about the science topic (Biddulph, &
3. choosing some questions which specifically relate to
I o' alternative ideas which emerged from the children's
: prior ideas;
4. choosing some questions which are manageable and

appropriate for independent exploration by the students,
and

5. choosing some questions whxch may provide related.background
information to future science topics.

Perhaps a teacher could react to these guidelines by simply being
overwhelmed by the n i.Of considerations that could be taken
into account in*selectiny student questions. A teacher might also
be overcome by the amount of time that might be involved in
selecting questions, and be defeated by the potential;y large.

&

number'of student-generated questions which might be submitted

-

for selection. Maybe one way to cope with these concerns is to .
include the children in the selection process by providing them with
a list of selection guidelines, or having them provide their own
guidelines. Apnother strategy might be to consult resear¢h literature
which has li; child.rer'i's typical questions in a variety of |
science topics (Biddulph, 1982a; Biddulph, & McMinn, 1983;

Biddulph, & Osborne, 1983; Biddulph, Osborne, & Freyberg, 1983;
Biddulph, & Roger, 1983; Osborne, Biddulph, Freyberg, & Symington,
1982). These lists of typical questions can provide a guideline

for the potential questions that.could be raised by the children,

can assist in the selection of questions, and can asSist with planning
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what learning resources and materials might be required during the

science unit.

c) Exploéation of Children's Questions
: ‘

Once the framework for the unit has beén outlined,
.the exploration of the students' questions can be carried out .
through direct instruction, teacher demonstrations,
teacher—directeq activities, and iﬁdependent student exploration.
The percentage of time allotted to any one of these approaches
willlbe dependent on factors associated with the background
knowleéée and personality of the teécher, and factors associated
with the situation of the school. - |

i) Consideratiens for Direct Instruction

One purpose of direct instruction could be to
introduce information that cannot be explored in some concrete
way. The teacher should strive to present this information in
such a way as to assist the children in the construction of

meaning, and to help the children link this information to their

prior ideas, to ideas from other science classes, and tQil

student-generated questions; Wittrock (1985) argues that:
The more appropriate te'%ﬂhg techniques involve students
in the generation of relations between what they know and
vhat they are taught. Teachers do not literally teach in the
“usual sense of the word. Instead they facilitate learner's
generation of meaning and understanding by helping them to
relate new and old information and conceptualizations to
each other. Even information and concepts which are directly
. taught to students must still be generated by them for
meariingful ‘learning to occur. (p. 265)

Specifically, teaching strategies which might be employed
include: '

1. initial introduction to lesson ourpose throuah reference
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to specific prior ideas and student questions;

2. introduction of lesson content through the use of
models, role playing, analogies; possible use of
concrete objects similar to those ufed in previous
lessons;

b

3. interactive discussions about how this lecture might
be related to previous classes;

4. children's identification and subsequent discussion of
what is hard to believe about the teacher's science;
sible recording of what the children wonder about;
5. ; ctive children's discussion about what would be
Bary to increase their belief in and understanding
teacher's science; and

6. 1 ctive discussion about how the teacher's
' information might relate to other student-generated
questions and future explorations; possible recording
of the main points of this discussion.

ii) cConsiderations for Teacher Demonstrations

At the end of the Sound unit,‘yrs. L commented:

The least modification I would do [in my next science unit]

would be to reduce the amount of time I do for

demonstrations. [Exclude] some demonstrations, but still

[retain] a few demonstrations.

Certainly in this study the children encountered difficulty
trying to discern the purpose of some demonstratibns, to arrive
at a consensus about their observations of some demonstrations,
and to provide an explanation for the demonstration that ,sprang
from some personal understanding. Tentative reaséﬁs for these
difficulties have already been presented in Chapter Seven and many’
of the teaching strategies outlined for teacher lectures are also
applicable to teacher demonstrations.  However, the children's

comments imply that perhaps it is important to emphasize that

1. demonstrations should include concrete objects, whlch o
are familiar to the children;

2 ~hildAron chAnlAd ramsarAd thaivr AlcariméiAane anAd Aiemice
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reservations about the believability of:films because of their-

1pr10r knowledge about the use of spec1a1 effects in fllms, and

‘demonstratlons contalned‘ln ﬁ;lms;‘ Perhaps thlS 1mp11es that fllms

¢ that the chlldren can verlfy in the classroom,whlle u81ng

\‘concrete obJects. SR |

'their-obServations with.their peers and~the teacher;

3. children should exchange ideas about the purpose of the
i demonstrat10n,1
.4, there should be a cautlous, non—threatenlng approach
- to conﬁrontlng chlldren s alternative ideas (Driver, &
Bell,. 1986 Driver, Guesne, & leerghlen, 1985 Mrs L);
.and | ‘

5. chlldren should dlscuss howﬁthe demonstratloq is llnked TN
" to concepts from previous lessons, and to the. o
student—generated quest;ons. i ‘

111) Cons1deratlons for Viewi

_Fis

o Whlte (1979) has correctly stated that films

|

':are useful for relatlng subJect matter to life out51de school

Fllms can also extend chlldren s experlence, clarlfy concepts

[}

1ntroduced by. the teacher, and repeat classroom act1v1t1es and .

demonstratlons,‘vwhe.chlldren,,however, expressed‘some

the1r susp1c1ons about the unreallstlcally successful .

; .

P

should not oomrnate a sc1ence un1t, and any fllms that are shown

L J

0 1v) Con51derat10ns for Teacher—Dlrected Hands—On
’ | ) e =

- Act1v1t1es S 7'}3*; ot . Y ;L,a,: e
In th1s studyghf chlldren comnented on hou the Y
o

opportunlty to manlpulate concrete obJects could affect whether they ';y

‘»understood or belleved the teacher s sc1ence. ‘ ‘ §‘7

f 51 [I belleve everythlng] because we d1d everythlng.,
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.3

- Johnson, Ryan, ahd Schroeder (1974) have observed that

4an ,‘

hands on act1v1t1es~also have a p031t1ve effect on children 3
,.Izk

attltudes toward science, and they offer that thls att1tudinal

"3

change might be influenced by’such‘factors as the children's

_ perception of‘control‘over theirloWn learning, and the'children's

.. increased. 1nvolvement and 1nteract1on w1th the science-

Teacher—dlrected activ1t1es should be based on

student—generated questlons, should.be allowed suff1c1ent time,

fshould contaln famlllar materlals, should encourage the children

" to sharelldeas, and should be followed by whole—class discussion.

Mrsi L wrote: :
o | , | . |
" Your timing of the aCt1vr€§ parts of the science lessons
. showed me that I was not devoting as much of the lesson to
- [hands-on act1v1t1es] as ‘I somehow imagined. Since time
~allotted to [hands—on] activities seems so 51gnlficant to

' 3

"learnlng in science, I shall be planning more carefully about .

time in future [science units]. Perhaps I will let the
. children have time to try out the materials first, with no
. instruction [from me]. Then I could shape their ideas with
brief demonstrations, and then allow them more t1me for
'_[hands-on] activities.

'Dr1Ver (1981) warns that chlldren must have "t1me to thlnk through

o the Impllcat1ons of observatlons and measurements made in sc1ence

_ from the data" (p 99) Barnes (1976) adds that a dellcate balance

1s needed between the pace of the 1esson, the t1me allotted to

'ihanos—on act1v1t1es, and the deadllnes-for flnlshed work;

.:‘

The ch01ce of materlals for hands—on act1v1t1es canbalso

B potentlally 1nflueAEe children' s understandlng of the ab 'uxty.

St ‘,:'

K

"In.this study, V1ctor1a and Gordon seemed at tlmes to» rely on  ?-

‘the use of 1dent1cal obJects to draw connect1ons bztweenf)foerent ;

L2

i lessons | we must reallze that our explanatlons do not spring clearly

234 ..
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lessons and‘aCtivities. Equally; the children seemed to have '

; difficulty with percelving connectlons between the tin can telephonz
activity and ideas from prev1ous lessons perhaps because of ‘the
;novelty of the materlals However, Gordon seemed to have d1ff1cu1ty
understanding the marble act1v1ty beca%se of the inclusion of
obJects identical to those he played with during his homelife.

"Therefore, althgugh:all of.these observations suggest that children's‘
understanding;is derived; in'part, from the links they‘make between

’rfamlllar aspects of the teacher 's science and what they already,know,

1.1t might - be necessary for the teacher to. prov1de time for the chlldren‘

. to discuss the connections they ‘make, and dlscuss how these
connections-might be related to the«frameWOrk of the science uriit.

During lessons involvingphands—on~activities, children should;

.be'encouraged to’ekchange ideaszwithlother children in'their group,
‘and should also participate‘in‘sharing their ideas with the entire
class;” Barnes (1976) recoméends th:t children should first explainra -
'their gganlngs to each other in the context of thelr act1v1ty group,
'and this exploratory talk should precede puber discuss1on Other

| researChers add thax the opportunlty to talk w1th other chlldren in

g danall group dis%E§s1ons, and to 11sten to other chlldren s ideas

;‘fﬁi& can éncourage Children to reflect on thelr own 1deas, to construct

PN i

"‘gﬂ : personal understandlngs, and to modlfy, extend, and change thelr

deas (Drlver, & Bell, 1986 Harlen, & Osborne, 1985)

TN

PR Y DR

There mlght be other factors wh1ch51nfluence the exchange of

1deas among chlldren Sands Gﬁgﬁh) has observed that group work

_might only encourage cooperatien at a tr1v1al level and although

N
" children do exchange'"crnuents and ask‘questlons of each other,

5. .
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the level of talk which goes'on.in groups is not very high" (p. 768).

Corno and Snow (1985) have commented that "in small, mixed ability

1

groups, higher abilfty students in effect serve as substitute‘teachers

for students who have trouble 1earn1ng" (p. 622). LISP researohers

@ "

1arge numbers of puplls, and the preference for either worklng in
L}

snjll groups or 1nd1v1dually" (Osborne, Freyberg, & Tasker;, 1919bf
// 13).. | | - |

a In th1s study, groyp work received a mlxed receptlon and the
chlldren experiénced moments when they valued 1nteractmith
each .other, and also enJoyed times when they could work

1ndependently

C: I sort of helped [my partner], and [another girl] came
around and asked me [questlons] . . I guess because .

she wanted to know how you bend [the paper] into the shape
of the ear. And right after [that glrl] asked, [another
girl] asked [me questions].

V: Well, when I g1ve 1deas to people they might then

% that "many puplls and ex—pupils we have spoken to have

she couldn't find anyone else who would help her. ' Becalse

. go-and say, 'Look what I found.' Then [the other children]
- all surround her and everythlng So I just keep my [ideas]

to myself. \
B: [Wbrklng Wlth others] helped me in a way Like they.

told me stuff . . . They had good ideas- to help me, but

I {also] foundxmy own 1deas N J/

G: Well [another boy] thought of the telephone [vith the
“cup and elastics], because you know how [voices] can
usually travel through on a string? Your voices like on
that oneé, commercial about Little Caesar's on TV? He
thought about that so I said, 'Why don't we both put
[our cups] to our ears and start struming on the

« -elastic and see vhat it sounds like?'. :

V: vThat's one thing about [working with] friends if you ;
were making up ideas. 'Cause you put an idea in and you.
mix [the ideas] together, and then we've got something.

te., R



Perhaps these comments suggest that what might be importaht
to children exchanging ideas and assisting one another {s the
class atmosphere set'hy the teacher, the ability levels -and

personalities of the children irivolveéd in each group, the children's

anticipation of evaluation, and the teacher's acceptaﬁceaof a

_variety of ideas. - ; ‘ : -

!

L4

v) Considerations for Independent Stuient Explorat;on
Mrs. L commented

I would also like to [inqlude situations] where the children
sét a question, and try to test it by [controlling variables] -
and changing [one variable] at a time. Then I would feel
that [gﬁe children] are in control of [the activity].

LIﬁP researchers have proposed an alternative teaching model

«‘qs I3
which i® based on ch11dren s 1ndependent exploratlon of personal

questloﬁs, and the explanatlons they prepose for these questlons
f’#

- This model 1nvolves the‘chlldren in a six-step sﬁgategy for
. " . . '5 3

exploring their own questions.

Step 1: children aré exposed to ah\interesting situatidn
‘ related to the science topic

Step 2: children generate questions about the topic
Step 3: children‘suggest answers‘to their questions

Step 4: chlldren prepare. research proposals based on these
: questions and seek tEacher approval for proposals

Step 5:"ch11dren~carry out an 1nvestigat10n of their
question- ‘
Step 6:- chlldren report thelr findings to thelr peers who
. under the teacher's guidance, provide comments,
and- ideas for future research (adapted from Blddulph,
& Mchnn, 1983, p- 1) :

Harlen and oSborne (1985) seem close to the LISP alternatlve

teaching model when they recommend a‘framework involving three



phases: Voo

Phase 1: general exploration of relevant objects or
E events from which questions‘and hypotheses emerge

Phase 2: 1nvest1gat10n of questlons

Phase 3: reflectlon on chlldren s reports vhich have been

compiled throughout the investigation phase of this
framework

In this study, the chlldren had the opportunity to compose
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vmlnl—reports based on a question they had about Sound [see Table 11].

The teacher helped the chlldren generate ideas for their reports
‘by’ presentlng and d1scuss1ng a chart of potentlal topics. The main
source of information for these mlnl—reports vas library books,

and this strategy of gatherlng 1nformat10n from reference materials
is used by sc1entlsts and should be equally acceptable in elenentary
~ science education (Symlngtohzf& Osborne, 1983) However, other
questlons selected for 1ndependent student exploration could involve
children in experlmental work vhich requlreS'deflnlng the problem,
designing a method of investigation, car:ying'out the investigation,
and forming some tentative conclusions. This_independent hands-on
inquiry would be sensitive to the children's comments ebout the

: importance of personal observation of science phenomena, and the
value they place in the opportunity to work with concrete objects,

»

S: I always say that 1f I [can work with concrete obJects]
' I understand it a little bit more than [Mrs. L] just
telllng us about it.

B: [Wbrklng with concrete materials] helps you to
understand, because you already trled it. R

G: I think using real thlngs helps me [figure out
stuff] because I get to actually touch them.

These oppoftunities for independent student exploration have

?
-



TABLE 11

Children's‘Mini—Report Topics

Asgeét
~ human hearing

3

human. sounds

music

| [ J
sound travelling *
animal hearing

teéhnology

insulation

Topic / Question ' ,?//j:>

How do deaf people communicate?
What causes deafness?
What damage can sound do?

How does the human voice work? t
4

What ére‘the different sounds of music and how do
people make them? - - R S
How do instruments mis music?

&
v

How does sound travel®

‘What is the sound barrier? -
~ Speed of sound.

How do animals use sound to communicate?
How do animals hear? :

How do radios work?:
What is Sonar?

What is ultrasound?
Telephones.

How is sound recorded?

Insulation against sound.

239



240
been,received.enthusiastical}y by children, and children.perceive
“these explorations to be relevant and meaningfu} to' their lives
(Blddulph, & 0sborne, 1982; Biddulph, & Rogey{/f983) However,
1ndependent student exploratlon requires time, resources, and a
certain Ievel\of skill, especially if stdgents explore questions

S ,
which reduire tﬂém\to design an experiﬁent. Also, the teacher must
cope with'uaintaining discipiine, providing materia;s; follewing
the children's exploretiOns,'providing guidaﬁee and" questions, and
evaluéting the nature and eXtent‘of'the learnihg takind place.
Perhapslthis suggests that although independent studeutvexploration
can be a‘valuableﬁpart of a science unit, it sﬁould be balanced
- with other situatidps invuhich the teacher might feel more
: comfér.f;?hfé?’f v

ScEo-

d) Unit Concdusion

Flnally, the science un1t should conclude w1th the
entire slass part1c1pat1ng in formulating generallzatlons about
‘the science topic just studied This would be sympathetic to
Renner s (1982) cnnnent that beclnnlng a science unit with
"spelllng out the principles and generallzatlons may be
deleterlous.because students must experience the search in
isolating the relevant.infbrmation,needed to invent the principles—
and genefaliéations" (p. 710). af §

€)' Unit Evaluation

A final consideration about this balanced approach
to teaching and learning must lie with the kinds of evaluation
and assesSment procedures which inevitable'occur during science

lessons, and at the conclusion of e science unit. Probably the



. crucial questién of evaluation is: How can we move towards

.

assessing and rewarding children's thinking and their personal
understandings, and move away from reﬂarding ‘correct' answers
which migﬁt be only rote learned? It seems conflicting to expect
children to be motivated tovexﬁbee their own questions, and to-
urge teachers to accept the existence and intelligence of |
alternative ideas, and then to regress to using exams which requlre
one 'correct' answer to questions generated by adults Osborne

and wittrock (1983) offer that they "suspect that the nature of

L4
much experimental work and typical assessment procedures in science

classrooms are sueh that children are ndt really encouraged, or find
it particularly profitable to attempt, to find links between
knowiedge" (p. 498). They urge that what is needed are different
forms of assessment and they seem to agree with Baird and‘MitcHell

(1986) who maintain that "assessment must positidely reinforce the

-

fruits of active learning and clearly discriminate against passive
learning" (p. 291). o : ’ " .
Mrs. L recognized the dilemma of evaluation and commented:

I am sure it is really important to validate. the
[alternative ideas] that the children have, and endorse it
somehow. Perhaps [this suggests] the importance of being
reasonably neutral about your questioning and not rewarding
too much or being negative when you receive answers-.

But, can you evaluate [the children's alternative ideas]
so that you accept that thinking for the level it is at?
Perhaps you could expect [the children] to have an :
explanation to support their [alternative ideas]. [A teacher
could say to the child]: 'Sure, you can say that, -but you
have to come up with an explanatlon for vhy you say it.'
Then, if their explanation is not really reasonably well

- supported, then somehow let them know that.

Harlen and Osborne (1985) seem close to Mrs. L'S comments

vhen they,suggest what might be indicators of children

241
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constructing new'meanings and children developing processing

'strategies. These, indicators could form a checklist that could
become part of the unit evaluation and these indicators include: 3
1. children generating explanations and ideas;

2. children relating new ideas (their own and others) to
earlier experiences and prior ideas;

3. ‘children basing their statements on evidence, seeking
evidence to support statements, and canfirming their
findings carefully before accepting them as evidence;

4. children being prepared to change their own ideas in
.light of such accepted evidence; and

5. children reflecting upon how they tested ideas and how
. testing can be improved. (Adapted from Harlen, &
‘Osborne, 1985, p. 139, 140)
The teachér could gain insight into how the ghildren might have
ﬁiogressed in the unit by comparihg the children's final ideas
about the topi¢ to their prior ideas, and to the tentative
answers the children initially offered to the questions they listed

at the commencement of the unit. Although the children may not

- yet possess 'scientifically' correct ideas, the teacher could still

asse€ss whether or not the children could justify any changeé that
occurred, and whether the children cdpld reflect upon how these
changes hapgened.

.This issue of evaluation and the dilemma it presents for
teachers who value the intelligent, unique meanings children can
give toAscience'cqncepts is one with vhich researchers éontinue
to‘struggle. Perhaps this strﬁégle‘arises from ﬁhe conflict
vhich presently exists between a constructivist view of learning
and our common authoritarian model of teaching and evaluation.

- This may suggest that evaluation must also take a balanced approach



*

to children's science and reward the'way in which children explore
their initial questiohs, reward student's thinking for the level it
is at, reward the ability to recall and explain the generalizations
which were formulated at the conclusion of the science uﬁit, and
reward the children's ability to apply new ideas to a range :E
novel situations.

¢
£) Sumnary Discussion [

A balanced approach to presenting science inclddes
ways of presenting science which already occur in science
classrooms, but maintains that childrenwwill take a more active
approach to learning if they can perceive that the science is
basedlon their personal questions, and is relevant to their

everyday 1ivés.
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" What seems to underlie these suggestions for presenting secience

is the view that children can becoTE_more effective, independent
learners if they (a) are motivated, (b) perceive that their
questions are valued,.(c) can e#change ideas with other children
and the teacher, (d) take responsibility for their own learning,
(e) haQe the opportunity to manipulate concrete objects, and
(f) can generate and test their own ideas.

The teacher has a crucial role in "providing the fesources,
the physical and social Elassroom organization, and the

~—

encouragement andfopportunities for children to learn" (Harlen, &
Osborne, 1985, p. 139). However, this role is “one to which the
teacﬁer can gradually grow accustémed by varying the proportion of
time allocated to such classroom events as direct instruction,

film viewing, teacher-directed activities, teaéﬁék demonstrations,



)

and independent student exploration. In this way, the bal

approach to presenting science is sympathetic to ééggideﬂ‘thltv
teachers bring a variety of personal beliefs, ditferent/wiews of
knowledge, a range of science knowledge, and individual °

personality.traits to the classroom situation (Barnes, 1976;

0

Harlen, & Osborne, 1985).
Finally, Harlen and Osborne (1985) advise:

If teacher(s] can adopt the role in [their] classroom of

a keen and interested learner wanting to find out more about
the world, if [they] can listen tc, value, and devise ways to
check out [their] own and [their] pupils' ideas, dnd can
encourage [their) pdpils to do the same; if [they] ¢ ome
a 'researcher' both in terms of finding out about t

around &nd in terms of finding ways to improve cla

practice, then science will take 1ts place in the pr

school curriculum. (p. 145)

4. Towards Alternative Content for a Sound Unit

Harlen and Osborne (1985) suggest that science content
contains two cq@ponents. These components are the concepts and
ideas which are used to describe or explain what is occurring,
"and the particular context in which these ideas are made
evideﬁt" (Harlen, & Osborné, 1985, p. 142). They suggest that
two potential contextsfor a Sound unit might be musical
instruments and noise. The céncepts and ideas that could be
developed‘within these two contexts are:

1. how sound is created by vibrating objects;

2. how sdﬁ%d travels through air and other materials; and

3. how hearing involves our eardrums being forced to vibrate
by the sound waves. (Adapted from Harlen, & Osborne,

1985,~p. 143)

Mrs. L commgnﬁed that as she taught Sound, she was faced with

-
-
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explanations for events and concepts which were abstracdt, and could )
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even .challenge adults. She thought that what might' be more

245

appropriate at the 3}ementar?ﬁ1eve1 could be a unit involving
pre-sound expériences.' She commented:

" You would almost have to call it pre-sound experiences.
Or call it music, or, exploring with sound. You could do a
lot of these activities, but if they are isolated activities
,I wonder what the children would make of that?

She added that Sound could also be a home-study unit because she
observed that: i
The children seem to learn more about sound by playing
guitars, using the stereo, swimming, shouting in mountain
parks, and talking on the telephone.
LISP researchers argue, however, that "many science
programmes have been built upon adults v1ews .of. whatwchlldren

.n ‘ W
w N M . . é“. S
don't know and what they should know“ (Symlnggdny Bzdﬁuiph,< N

Happs, & Osborne, 1982, b.,l).

based on children's questions.

programs to-include children's qv&;

e
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possess. ‘In this way, the chlldren

that they were puzzled about some
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during and after some science leésons, some of the children used
the science materials to explore additional questions which occurred
to theﬁ. &hesg comments, questions; and explorations illuminate
some of the potential interests these children had about Sound,
and can provide a potential "demarcation of what curriculﬁm is
possible" YBarnes, 1976, p. 88). Some of the children's questions ‘/
are presenéed%in Table 12. é (

.
éﬁ Implications for Pre-Service Teacher Education

Mrs. L commented that, based on her observations of the influenceT§?
of hands-on activities on the children's understandings and beliefs,
. .
. she would prefer to see an increased amount of time devoted to doin&

activities in elementary science'wethods courses:

PR | ' "
‘Can the elementéﬁ;'scienpe methods course be a [year-long,
six credit] cburse? I think you would find people signing up
for it. However, even if you expanded [the course] into a
six credit course with a lab component, you would still have
to make some decisions about what you were going to do
because the time would still be limited. ,

I have wondered.about the value of having one really
strong unit, something like Colored Solutions, or Sound, or
an Electricity unit. A lab course would have to be patient
enough to address one unit thoroughly, but after that, can
[pre-service teachers] transfer what they have done to

- anpther content area in science? I don't know.
‘ One of the other ways to do it practically is to
highlight activities from different science content areas.
But, then thag becomes [overwhelming]. Also, I want to have
a framework that is pieced together so I feel that I know
something about the subject at the end [of the course],
- instead of a number of little showy things.

I guess I would almost say a whole unitzwould be more
useful than dribs and drabs, because when you think back [to
the course]. although you remember highlights, you can't do
highlight after highlight from different units. Your '
[science] would be over by the end of September.

Mrs. L #3ded that pre-service teachers should be exposed to
literature concerning children's alternative ideas, and should visit

elementary science classrooms to gain insight into planning science



TABLE 12

A Selectlon of Quest1ons the Chlldren Asked-

Durlng a Teacher—Dlrected Sound Un1t

| Aspect R ‘ guestlons

tuning‘forks” | Why does a tunlng fork make water splash° o

- 'Why does a tunlng fork v1brate when you h1t 1t°

amplification,’~%Can loud screams be heard*from far away°
: : How _come a\cup makes an elast1c sound louder° )

: ‘{3‘1" L :
-hlstory_/ ’ How d1d people or1glnally flnd out. an explanatlon
. -linguistics for. sound?-

Why is’ sound called sound7

SOund;“ - How come sound moves faster through hard SOlldS

_travelling than through soft air?
through How. long can the hose be before you ‘can no longer’
matter N ‘hear - the other person?
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Cari you hear better with a‘thlck or a th1n strlng .

on the»tln can telephone’

echoesf-f;A o How do echoes repeat what you say’ .“
: R How does sound bounce’ :

huiman hearing How does an ‘ear work? o L R
- s How does a doctor put tubes in your ears’> S y

anlmal hearlng Do animals w1th b1g ears hear better than anlmals

w1th smaller ears? =’

¢

- speed of sound" How come you see gthkS h1tt1ng together before
3 ‘ ' you can: hear the sound? :

'fpitch o f How do you get the correct p1tch u51ng homemade

1nstruments7

.\L

'insulatiOn _ How do walls ‘and tlles absorb sound°‘r
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unlts, organlzlng mate i

nd working ‘with children.- Also,

vpre~serv1ce teachers cow nerate their own‘simple question

about some science toglc, 1nvest1gate this questlon, and then reportv
,thelr flndlngs to thelr peers " This would prov1de pre-serv1ce
teachers with some 1ns1ght into seleotlng manageable questions,
kplannlng experlments, and 1n51ght into the. experlence of reportlng .
‘1deas to an audience.

Other researchers have made suggestlons about pre- serv1¢e

I!

teacher educatlon and some of these suggestlons 1nc1ude

1. analy51s of" condltlons and phllosophles yhich underly :
. school life and difficulties for implementing a - '
o construct1v1st view of learnlng and -teaching;

2. an 1ntroduct10n to chlldren s 1deas, thenssc1entlsts'
~ "views, and then clarlfy where their own views lie with
' respect to these two views (0Osborne, Bell, & Gilbert,
1983, p. 11); | L/

3. exposure to chlldren s 1deas, sc1entlsts s v1ews, and
‘suggested investigations that can be used 1n class
(Symlngton, & Osborne, 1983);

4. exposure to kinds of questions asked by ;hlldren
(Symlngont, & Osborne, 1983),

5. guldance on how to select worthwhlle topics and
:questlons (Symington, & Osborne, 1983);

6..vd1rect10n about how to assume the more active role of
' encoﬁraglng, ‘challenging, and suggesting (Symington, &
Osborne, 1983); :

7;,'d1rect10n about pup11 management (SYmington{c& Osborne,
S1983); S ,

78,-vundertake small scale 1nvestlgatlons into chlldren s
- . science in schopls and the views of their teachers college
- peers (Fangham, Garrard, & West, 1981; Osborne, Bell, &
Gllbert, 1983), ahd b S o ey S

9. gu1dance*about how to -assess 1f ch11dren s 1deas have
changed >(SYmangton, & Osborne, 1983) ’

Flnally, apart ffom 1nvestlgat10ns and presentatlons, pre-service i
R | ) oy O

+ ﬁ, !

R
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teachers might perform during class tlme, there are two 1deas for.

- as51gnments ‘that m1ght prove part;cularly worthwhile The first

assignment would requfre pre-serv1ce teachers to 1nterv1ew a child

about ‘some science phenomena, and to e11c1t the child s 1deas and

ggplanations about that~phenomena °»In this way, the pre-service

' teacher would ga1n direct 1n51ght 1nto the ex1stence of children s

science, and 1nto the variety of 1deas which children may bring to

ia sc1ence unit. A second ass1gnm$nt would 1nvolve asking a child

about ‘the ggestions he or she has about some obgect or phenomena,\

Gu1de11nes and d1rections for. e11c1t1ng children's questions have

been presented by Symington, Biddulph, Happs, & Osborne (1982) and ‘

: A . B .
some of their directions include: =~ | . S -

&?‘:, .

. N

lhaving the Chlld man1pu1ate several related obJects

e. g ’ 1nterest1ng pleces of wood; ‘

asking the child to suggest things. that a sc1ent1st .
might know about this wood, “but. he or she ¢did not know, \
recording the chrégas suggestions (audiotaped and
10ng—hand)-‘r g .

. r." -
1

asking the child whlch suggestions he or <she would be
1nterested 1n exploring, and - : .

asking the child how he or she‘hould explore these
suggestions. :

These questions could form the ba51s of a discuss1on-about ch1ldren s

thlnklng. could be used to wrlte a report about how a teacher couhi

select one. of these questions and guide the ch1ld to explore the <

quest1on, or could even be 1ncorporated Wlth questions compiled by~

_other pre-serv1ce teachers to form lists of questlons chlldren may ’wgJ

o

fpropose for various sc1ence topics These lists of questions could.

1

‘¢

‘help pre—service*teachérs ant1c1pate questions»their own students

-
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might ask someday, and this could assist in the planning and'ekecution
of a science unit. ; '
R .

D. Ideas for Future Research'

At the conclué&on'or this study, Mrs. L and 1 reflected on

the methodolody used, and the findings, and implications which
emerged from the Sound unit We agreed that ‘there were many issues

. about whlch we Stlll wondered, ‘and that this study. could become a

startlng p01nt for exploratlons involv1ng add1t10na1 1nterview

*

questlons.‘ Also, we thought thlS study suggested the importance of

continuing to exawlne chlldren s learnlng, and the role of affectlve
“factors upon this 1earn1ng ~;f"z |

Our rev1ewrof'the 1ntervien transcripts, and my'discuSSion of
the gaps which:remained in our knowledge of chlldren in sc1ence, 1ed :
us to belleve that future studies 1nvolv1ng 1nterv1ews could be :

expanded to 1nc1ude

1. questlonlng children ‘about what puzzled them\as they»

' participated in the act1v1ty tasks [to av01d‘pr0b1ems w1th
. lesson recall 1n the interview 51tuat10n] -

2. questlonlng the ch1ldren -about homellfe‘SCience*-‘
experiences [to assess potential affectbon attitudes, prlor
-1deas, and ablllty], S 7 ST

. . \7}1 . : - .

3. problng the chlldren's prlor ideas as. lesSons progressed
e.g., Have you ‘ddne-or heard about something like this

oy ‘before7 [#0 probe for prior 1deas that d1d ~not emerge
in the 1]7taaiﬁunterv1ew], :

4. asklng 'estlons whlch would require the chlldren to i
- transfe new 1earn1ng to different situations [to expose »
level of understandlng, potentlal subsumptlon or adoptlon],-

- #

5. asking. questlons ich could expose . tha c@eatlve, o
imaginative eleme in students thlnklng é. o I What- did
you think about before you got that idea? [to asseas !
content and perva81veness of this element]

6.] asking ablldren what aspects-of the 1esson they might

3
. - . R . S
" ! . . B !
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-dearning

a 1,:

*

" Within this area offchildren' 's learning, Mrs. L ‘and I were,

focus of

7
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want to pursue independently [tO0 assess their 1nterest 1n

A,the lesson and the concepts presented] and

askind%ggildren if there was a part of the 1esson they
would yant to do more or less of [assess personal
prefer@hces]. !

-

L and I also had some questlons and ideas about ch11dren s
in science which seemed to have the potent1a1 to become the
futurevstudles . Some of these questleps and ideas included:

To assess what children have learned and understood, and

perhaps to gain in51ght into subsumption or adoption, a

group of children could be studied as they attempted to | ,'

" teach some selected Sound concepts to a group of children

from the preceding grade level.

How long do children r r the concepts they studied
during the Sound unit? t factors 1nfluenced the
children to  remember ‘these concepts° :

C ¥
Implementlng the ‘balanced teaching model presented in thi's
chapger and attempting to assess the nature and daegree of
the children's understanding. Can the .children's. .
understandings be compared to the- understandlngs.they
derived from thlS study° ‘

How does 1anguage mystlfy science for children? What

practical strategies can teachers use to minimize this

- mystification? How can Schutz (1971) add to our
, "understanding of language in science?

j What 1nfluences chlldren to change their 1deas° Do

-~

children progress through Hewson's (1981) stages, or 1s,
change samething. that is much more personal and
1llog1cal’

.--Is the sequence of activities important in a Sound unit?

Or, do children generate their own framework at some -

L critical point unrelated to a logical order?

What else mlght be involved in the evolution of :
personal understanding° ; , . s i

-

particularly interested in the role that affective factors seemed

to play.in the chlldren s struggle for personal understandlng We

thought that a greater exploratlon of thls area might. exl.nd the

o
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‘ construct1v1st view of learning, and the Generative Learning Mode?’.

Some of the factors we' wondered about included:

1. What role does caring about the science play in children :
understanding science? Does this vary from day to day,
and between tasks and topics? Do some children care more
than others, and why? C :
2. How might locus of control ‘be related to rote learning in
"~ . science, or striving towards a personal understanding of
the science? .. ,

" 3. What role does perseverance play in children understanding
. science?

4. What are children's bellef systems and do these systems
- affect thelr understanding of science?

5. How might willingness to take risks be related to
~ understanding science?

6. How can children be encouraged to wonder? Is wonder .
important to understanding science?

7. Curiosity and motivation - Who has it and ‘why?

8. How might genetics be involved in 1nfluenc1ng and/or
‘ formlng these affective factors? . )

.Finally, perhaps thisvapparent conclusion to the study is

really the beginning of an eXploration into how children construct
, ..

understandings of the teacher's science, how.the teacher's
presentation of the sciencevis influencedlby the existing school
system, and'how’c01laborative methodologies may serve to promote
a conversation among part1c1pants whlch is a metaphor for the way ;
in Wthh children construct personal meanmg In t'% respect, when
children wonder about the teacher's science, and talk about how they '
construct meaning of ‘the teacher s sc1ence, maybe they are also
speaklng about hﬁil@ us

K world We all wondéé¥%boﬁt’tuu

I

d try to understand the

aﬂ@ in prlvate musings and . &
"c A8

e 1

publlc conversations we try to move towards a greater understandlng

- ‘5, . ‘? .
N L ., . .%,

. '

¥ o
&



@( of the world and our place within it.' This dialogue is not some

‘\

strict cognitive exercise but is inevitable influence‘é by affectiye
and situatiopé; factors. _'I‘herefore,. when we talk about how children
understand science in schpol cla;ssrodns, maybe ve afe also talking
about .how we all attempt to understand the world, and{this- suggests

that we should recognize that children's attempts to make sense of

}

‘ their science experience mirrors how we all approacﬁ the world, and

involves all that we are as human.beings. | SRR .

»

e ‘ :'?d;'
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' Purposes Lo . o -

w1
s L
o

X

»

_2,

Methodolggy‘ : - | L ‘ . .

4.

The prlmary concern of thisgstudy is to try and understand how

‘ques

rflex1ble methodology that‘can be changed and amended as the‘ ﬂ }

Appendix A“ .

- Study Summary For Initial Teacher Meeting
N » B L \ i g
v . . | o » - -
Children's Learning in Science: A Collaboratime ‘Study X
K N I 7’

o

o

The-primary purpose of_this study is tovexplore how and what a

small group of childr*earn in- elementary school science.

This exploratlon,mlght elp-to answer the qhestlonr How do ‘

chlldren construct meanlng in elementary school’ science® # -~ .,

A secondary purpose is to share 1n the experience of : .

é?gla rative reséarch and" discuss how this approagh to research o

»allow for addgt;pnal insight into the lex1¢y'of .

learn and teachfﬁﬁigclence. This’ might hé to answer the .
'}ﬁ + Hows"can- collaboratlve research- beneflf ur - Lo

understaﬂﬁ&ng of classr Seience?. . - " : -
his study,’ cq].;ka“ooﬁ’n ve research means three groups of S

p le trying to make senge of: children's learning:. 1) the

chlldren, 2) the t fcher ;- apd 3) thhhﬁesearcher. J‘ —

- SN h‘& g

Collabo atlon means people working together towardsvsome e
goal infan atmosphere of respect. Collaboration suggests a,A

study progresses. ‘

e, g",The chlldren, the teacher, or the researcher may recogn1\E>f-\
problems with the 1n1t1a%,plans for this study and may suggest

that interview Juestions be charjged -or that interview ‘times or
format .be changed, or that participants should have more

-Vr{tten 1nput into 1nterpretat10ns~que from the interv1ews, etc

Therefore, I ant1c1pate a gradual evo¥étlon of the methodology
as the study progresses. s o 4 ;“

o
*

~ a small.group of children const(uct meaning 'in school sglende

»

In other words, how and what do chlldren learn durlng sc1ence Q}
1ass., _ .
T believe that- the best way to beg;n to’ understand the R A

ererlence of learning in science is to talk ‘to the-children Ti L

before, during,. and after their classroonhsc1ence lesson. . Lo "'&
Nh R E

a) QBefore the. lesson- What do the chlldren already know abaut -
“the topic? How did they come to know this information? .

LY

N

R % ks - T
BRI R e o ..ﬂ R R R
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b) During and/or after the lesson: What was their speoiflc
task? How did they cope with the task? How did. they sglve
WHZ problems?’ What did they learn? ' What puzzled them?

W

efe any of their initidl notions changed orzmodlii‘led'>
t. questions do they now have? B

. " . 7
study questions and the- chlldren's responses w1ll be recorded .
on audiotapé and I will make wffittegddnterpretations of the
interdiew. These interpretatfans. yid¥le given to the children
who ‘will be asked to: qp@e‘ Nk A, the document as they
see flt. _ y . ‘.

dren learnm during science

* class, jbdg-dmportant to aAggstions which are specific ta
" the aq e lesson. or&er to assist in recalling
these 21N ':,I‘w1ll be wr1t1ng down the maln p01nts of the @

lesso . k_,'happen. , .

e.g.y | *-;the spec1f1c toplc/lesson intertt? What questions
P tas the set. task° How did the students approach -

and cope th the task°
3

3 These lessqn portrayals will be made available to the teacher whq

will be asged to read and respond to them
. ) o ..
mpoptant part of the study He or she
.of. the classroom and the chlldren than

The teacher is also
possesses more’ “kng

. I ever will. - ot *'

In order to more- fhfi; explore the teacher s exper1ence of student -
learning and his or her participation in a. collaborat1ve study,
a number ofqlnterv1ews w1ll be carrled out. ,
a)"Students' 1earnungi. What was the intent of the lesson?.
What does the teacher expect the children will be able to do ~ _
at the end of the lesson? What did thg.chlldren leaxn? .
. How" does the-teacher know what the children have learned? o
What dlff1cu1t1es ‘did the children have. w1th the 1esson° ‘
What were they confldent about?

. . ®
) b)'fCollaborat1on: What was bhe‘teacher'sjexperience of .
.2 collaboration’:; o S - X - o
: l,$tudy questzons and the "teacher's responses wirl be recorded on { e
v'”audlotape and T will make written 1nterpretations of the .
“interview: - These 1nterpretatlons will be given to the teacher e

‘who will be-asked’ to make any changes to the document that they‘
see fit.- . "

"The teacher'w1ll also be asked to help in the collection of

 the children learn. : . -

documents which might. help to more fully explore how and ﬁhat Lo Qw_"

*
we

o
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e. g., tests, worksheets, xerox .c0p1es of student notebooks f
’I'he teacher will also be asked to read and, resportho the the51s
prior-to it being submitted to the examlmnig cormuttee.

K

responses which mlght be ant1c1pated ares. .- ",“.“ o
L ] ot B
1) mmg ‘for sentences to be re—worded
, 2) ing for sentences to be- deleted SRR
.. ¥ asking for sentences to be added ' ‘ g
! 4) asking to add his or her own wrltten comments to BRI s
mine o ‘ o . o S T
s N ) s # : Ct P R
: . "y ]
s :
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' Sample Lesson Descrlptlon Notes and Classroom Observation -
N Q e e ] 9
R e Novembe% 26 1987 ,
. ) . o ; i3
=, Teacher ,
= Child 3 =

16 p.m. Chlldren enter the room:aftgr Ehe lunch break, The

- " teacher gets some wood g and sticks from the
' cupboard and then 11ftsﬁsOme shog’ lengths of two..by .
foufs out of a box.xﬁmlfﬁ s SR T W g?“ .

Todayﬁﬁe are g01ng to be flndkpg3some'ebhoes. Does anyone

have any 1dea5!'bout this or has’ already found a good‘spot7

i

m

Chrlsta° In the gym

* We are gomg to use the wooden blocks from'music,

C:

ound the part where‘it is Crowded;

Ay

Going in the gym near the stage, pull out the drawers, and you

yell into tHem.

T: Has anyone tested out thelr 1deas° Tet& us how.you -tested s
your ideas. . . ' :

R . : . )
.C: "When I was walklng home, I yelled to [Qordon] and itcgchoed
back . R . . P

. . . ‘- v

C: T heard an echo up on the h111. -ff . o -
T: What are the conditions that are necessary for an echo’ What-

A}

is an echo?- Where have you already heard an echo?

C:

In‘a cave. We shouted or really we just talked.

Iy
So,. you said.& word and then you heard itzback. T

"In ‘the mountains by Jasper. At the ski valley;ia

You shouted’

. Yes, on the skl hlllq I yelled,v'Mom"

By thé forest in the" rav1ne there is a weally hlgh h111 You °

can shout from there..

:

What do YOU hear° . _‘\, _

‘J‘g)'l

@y
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| - v -
c: I heard 1A.J." back. ) . . !I

-

T:“ How come you could hear it again? b1
¥ g e
¢uGordon- It hit the thing and then went back to you. . "
. Y ‘ . \
hT ;What hit what? ’ - ‘ e , ’

AP C’ The Sound*hit the mountain and then you heard it ack'ad"n;

<
ﬁf

;“‘gevih s leap. Down in the rav1ne. S %,,. . , o ﬂ"u
“ C: Libya. My grandparents have a bulldﬁng shop and when they hit . 4
the hammer you can hear 1t loud [Can hear 1t a g

4 C: Stony, Plaln. we had a b1g front porch on our hOuse. [continhes I
on with her story] ’ _ .’ e

3 - ' s Tm

ff Pt »Could you hear the exact words back agaln’ Sometlmes you can

! hedr 1t say it again. Where out51de can you hear echoes’

v

0& Daycare Si? go out51de thefe and yell by’ the wall.

I

T;' Do yalls he;'

’ Ci  You make the sound Bounce off the wall. ‘ " q
. Ty Wh’ere is a biy wall? |\ S ‘ . R
,' - B - \/ 4 ‘
v Ci ‘-.Washroom. : N - : . . !
" Ty 'Where outside? R ,//J’

- . e ) ) . . e N

ChriSta: thside of'the gym. e ¥
. ‘ e, . s

The teacher talks about approprlate behavior for an: outdoor sc1ence
class. : - -

L]
-

" T: we will try: in the fllm when they were standlng by the traln
trackgy We will get =] he to.go far away and theh we will get -
them 1 o strike the wood engthe rest of us. will wa ch you. . o . .
1: 35 p.m. The class goes out51de., Chrlsta and Samantha go ahead
" of us to check out the echoes in the interior of the gym. Victoria
~As one of the chlldren who is given music blocks and sticks to hit
:together. We all gagher outside the gym wall on the ptayground:’
Gordon has two sect®ons of two by fours in his hands and he starts
Jogglng qut to the far reaches of th%?playground :

The class stands right next to the gym wall and the SthkS are
struck together. They cannot hear an echo. = s~ .

» . ‘ .. n
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. . . B4
-1'36ﬁp m. T: See where you can find an echo outside the gym wall.’
Hok marty paces away will we have to go until we will start hearing

someth1ng° , i -~

# .
Samantha aﬂ‘iChrlsta come running out<#e.and report their findings
about the in eridié of the gym. € <

Samantha. No echoes. - . ' ;
, . L ‘
Christa: The gym was full ‘of people. =,

We count of4 ten paces 1nto the field away from the gym wall and a
student bangs the stlcks while the rest of the class listens for
an echo.

C: Ishear an echo.
T: From where"_ L S i

. C: It's not from the gym. \ ’
v N . i
"C: Down there [p01nié behlnd to a row of houses] 'i S
We count off five more paces and then theqﬁhlldren hlt the sticks
again and we listen. Y .

C: You can hear it over there. [points t§Mhouses surrounding the’
playgrodhd] | -

. 4

C: There is no space for it to go babk.

: . o - SR
e owe were.too close. Come back. We couldn't hear it.. ., ° -
e .

. - .’ \'
! We count off five ﬁbge paces and hit the sticks again.:

; . M .v
Q v : - \ P

T: Was it any different?
- .

C: It comes.at a different time. : - -

C: It comes later.

We count off five gore paces and hltothe sticks again.

-

C: You can hear it a little better. L, ' ' -

T: Is it h1tt1ng other places besides the gYQ wall?

-»

' C: The hoyses. S ' :
. . ‘ :
. . ¥
‘ T: 1t seems to be bouncing off a lot of places. .
‘ g . s o PR » - ‘--
We count off another five paces and hit the sticks again.

B2

o

-

4
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C: About 15 steps

¢ 271
eré was it-louder? Which direction? It doesn't seem,to be
from the gym anymore
er in the community center.
ack there.. . -
Hard to teil, y
The teacher sends two boys over to where Gordon is, far out in the
?ield Wey are to tell Gordon to hit the sticks, count to 20, hit
" them again, and to’ repeat’ thlS 10 times.
A 2
The boys run across the:field,’ deliver the messagé-and we stand
-still dnd observe Gordon who is just visible at the furthest end
of the playground.
T: Do they hit together beforé y e sound?
M R : ' ' - -
. ' ) 1 -
’.d: YES!!,!‘ . v ' &% » P o B )
: ‘ e ’ LR
- C: The sound has to travel :
. Iy@i *, "'&NOA;?‘-" M va}“'

Bob is sent to tell Gordon to hold the two by fours d; hlgh when he
is' hitting -them.

‘Gordon comes running back and listens to .Bob whg has remalned out
in the field and is now hitting the two by fours together

1:57.p,m. We go back 'inside ‘the Elassroom.
. . . : Y '
2505 p.m. Using the blackboard the teacher draws a diagram of the

wall and the various positions we took in the f'fld while trying
to hbar the &thoes.

2o

Wom gy

i

.

[ 4
T Usi chalk, what was going on to explain how we heard an echo
from thef gym wall which then got' louder and the different places we
StQOd? . . -
A boy s to tHe blackboard and draws a line to represent ﬁ.e °
sound jwaves golng from the SthkS that were hit together, then to - <,

11 of the\gym and then back to ouf ears.
al,
T: HAR® many steps d1d we take before we heard an echo? .

-

T: $.15 times 2 feet We were Zg;bh.30 feet out. Then ve heard an ('

echo from the gym.

C: We could hear it but it happenéd too soon. ' -,

3 f P

P

4
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'T: Could you explain that?

C: Sound waves travel pretty fast.

T: When we were close, it travelled so fast we couldn't even tolf“
if there was an echo.

T: [referrlng to chalkboard diagram] When we were further out 1t'
took longer and we could dlstlngulsh the time,

. T: -Now, what about the blocks with [Bob and Gordon].?

Victoria: When they hit the blocks, two seconds later we could
hear the noise. If you do 1t soft first, then it gets }onder. .

C: Seeing travels faster than sound.

- -

-

T: [summarizes the prev1ous statement] Are there any animals that
use echoes? oo : :

s

C: That great Canadian animal, the beaver. It -slaps the wood

with it's tail. - ‘ .

C:. Moose. They make a big loud noise and it echoes back.

C: Bats or owls.

+T: - [talks about bats] BN
C: Dolphin. o f ) ~ r ’
AR } . . + .

C: . Whales.

T: feople‘use echoes too. Why'do ships use echoes?

C‘ To tell if there is another shlp around or ngt

f explapation’

2:15 p.m;thécess Qelleringsy

Teacher S ertten Conments About the Le

"I have taken classes out to f1nd echoes there
years, but this class wins the prize for giddiness.

.important to be quiet and listen in this activity. They could

scarcely have notlced much about the echoes, This is an act1v1ty
more successfully‘\done by oneself or WIth aYpartner. I ‘hight try



what they would do out there?

Anyway, we were-all intrigued to see for ourselves t
between light waves and sound when the boys went to 4
the field and clapped the boards together. Lf{would4v- interesting
to use binoculars and see if we could time an increased length of
interval if a student went evaen further away. (higher grade level)

I had no idea whether we would notice the phqnomenon at that distance
or not., It worked out well. R - =

[One boy] could explain why we don't hear echoeés close to the gym
wall but could, furthér out. I would like to know- if he just thought
of that or where he got the idea. I wonder if the class as a whole
realized what we were doing out there.
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» Appendix ¢

Children's Individual Interview Questions

4 o

A. Lesson Purpose

1.

Lesson Purpose

What was today's science ¢lass all about?
What were you hoping to find out?

Teacher's Perceived Purpose

Why did the teacher want you to do today's lesson?
I wonder why the teacher thought it was important to ?

'B. Coping Qith the Activity Task

1.

2.

Task Description _ ,

What did you do first?
Then, what did you do?

Getting Ideas .

How did you get the idea to do that?

y

Perception of Level of Task Difficulty e

b3,

- » i

/

Did you have any problems trylng to do the activity?
What was hard about the things you did? -

How come these things were hard? ~ ‘ :
What did you do about these hard things? S
What was easy about the things you did?

How come these things were easy? - v .
Have you done anything like that before? Lo

wOrklng With Others ' R . -, , .

Did you work w1th any other students today?

If not, how come you wprked on your own?

‘¢What was it like to work with the other students?

'Did working with other children help or not help you with
today s lesson? Hcw come? !

What did the other chlldren say or do that he&ped or d1dn't
help you°‘.

-t



o

', Teacher Influence

xfworking'With Concrete Materials = - B B

v : . \ \

vD1d _worKing with the actual materlals or thlngs help you

understand the lesson?. Hoy-come?’ N

. Is there. any difference b&tween d01ng the activity and
.watchlng the teacher do a demonstrat1on or watching a film?

[

\ K w

:D1d the teacher say<gg do anythlng that helped you do th@ '

act1v1ty° o . o } .

PRI

C. Understandlng the Lesson

v ¥

1.

‘Percept1on of Learnlné

What did you learn from-this’ IEEson?

‘ . P
N . /
~ . .

How do you know that you learned that?

-Perception~of Underétanding » ' ‘(

What did you understand about this lessan?

How do you know-that you understood that? -
What will it take for you to understand'that? AN
Was there anything that you learned today ‘that you d1d

Jnot understand? . _ '

>

Bellev1ng _ e

N R, o L Ly

‘Was - -there anythlng that you dld not believe about today s
_ lesson? . _ o
-What would it take to get ‘you to bel1eve° : .

Changing

'

/

' Have any of the ideas you started out w1th about Sound

changed because of what you heard or did today?

- How come you changed your m1nd about that’

other science lessons?

MaklngAgonnectlons

Is there any connectlon between today s lesson and your

-

-1Further Questlons / Wondering '.‘f .

"What do you wonder or puzzle about: now that you have done

today's 1esson° o

i
e



]

7. New Vocabulary -

'What does’

Tell me‘what you -

mean - to /you?
now know’about

/

‘278



Qggndlx D

Sample Ind1v1dua1 Chlld Interv1ew

e . S November'?O, 1987 . .
. L. f
R = Research¢gy o i
S = Samantha- ) _— A
1. Why did the teacher want you to 1earn about echoes in science.
to ay’> S .

.

. 2. S: To show how ‘when you learn it hits agalnst the wall and
' ‘comes back to you and then you can hear it clearly "To .know
»more about echoes -The sound of echoes.

L

" 3. R: [gym wall] What was that a11 about?

4. 'S We saw 1f we could hear better and better as we got farther
- from-the gym. . So we started at the beginning very close to the
gym on the sidewalk next to the gym, then we hit it, and you
couldn't hear it. Then you went back ten Steps and then you .

~-hit it and you could hear it a little bit. And then with the
next ohe you could hear it a little bit louder the next one
louder and then 1t goes on and on louder, 1ouder, louder.

3. R: Could you figure out how come it went louder?
6. 'S: Maybe because the first time it bounced over us or too fast
- for us to hear.  Because we were very close. The second one
was a little bit: better because we were farther away. a

7% R: Were there any other echoes g01ng on out there° [bes1des
the gym walll] : ‘ —

~

. S: By us making it? . .

Y

9. R: Any more plaCes that you heard echoes ¥rom?

10. s: I heard from the 51des and the back. I didn't really hear
it from the gym.-

. 11. R: [Gordon and Bob in the f1eld] What did you see going on
) there? e

12.s: 1 $aw like, [Gordon] first took the sticks and then he hit
them and then we counted to two and then we heard the noise.
Then he had to count to twenty agaln.

\}Qi R: Did you figure out why'weu counted to two before you heard-
N o , ' A '
N - o 5

“ Sl 7



14.

15.

~16.

17.

18.

19.

20.
21.

22.

24.

25.

26.

- 27.

28.

29.

30.

31.

32,

_the noisé” -

S IY was a long w:
“ though. “And for efig
' ?half way and the next second the sound came to us.

S:  Yah.

- R; What did yon‘learn today?

( R ,' | 278

S: Because the sound didn't travel very fast. [Mrs. L] says

the sound travels fast but he went pretty far—away.
A

R: So the reason why you saw the sticks hit and then yoN heard

it was because .sound travels fast’

"!,"

iway, not as long as the film had it
second that we counted I guess it went

L}

R: Was there any d1fferaﬂﬂs bétween watching it on the fllm
and gettlng to try it out in the school ground’>

S: Not really.
R: . Did it help you understand or did it make no difference?

¢

S: Just one d1ffere&ce In theif1lm I didn't see the trigger

-go off. I heard, the bang, but T dldﬂbt see it, ‘'Cause they
were JUSt show1ng the bang and the little boy 1ook1ng at it.

R: And what happened today°

S: We could see 1t, we could see the blocks hitting together-f*
and then waited two seconds and we coulé&hear the n01se

R:  So, d1d that help you . that you couhf see the blocks°

o

R: Did you have any problems trylng to flgure out what was

~going on today°

S: Not really. But,hitawas hard finding the echoes.

R: vDid‘thepether kids say anything that;helped you?

S: Not really They Just yelled and somethlng l1ke that

R: Did the teacher do or say anythlng that helped you today?

S: She d1d take us outside and then she told us what’ to do
and that helped me. ¢ .

¢ That. sound travels fast. If sound bounces off a wall and

\ you re right next to a wall, you can't hear it. And if you're

far away from a wall and maybe hitting something, you could

PR 74
2yl e
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33.

34.

35.

36.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

S: What we had to do. That's mostly what we ‘did.

R: Was there anythlng that you learned that you didn't

understand?

i

S: How come it doesn't come right to us when we see it. The
sound? We see it and then the sound comes to us. I don't get
. ~

that.

R: Anything that you didn't believe today?

S:’ We had a short science period. So I belleve mostly
everything because we did all of that. When [Victoria] said
something about twirling on the [volleyball poles in the qym]
you can hear through the metal.

R: - Have you trled,thag?

S ‘Yah.}

Iy

°

.

R: Do you think that has anythlng to do wlth what you are
doing-in sc1ence class right now"

S: Like, that fllm, it showed the boy taklng the stethoscope
and putting it on theé metgl and this other boy was hitting the
track with a hammer. Aand he could hear it whlle he was looklnq

at it too.

-

We heard that too. 2'

]

R: Have any of your initial ideas’ changed’ [we consult her
,F1n1t1al 1nterv1ew]':

S: [mountalns, walls, washroom] .No, I tried the washroom and

it didn't echo so I don't think so. But, I wasn't far away
from the washroom, I was 1n51de the washroom. [she is unsure]

R: Any connectlon between what you learned about echees and

what you learned in your other science classes?

S: Today we had a conriection in that film and that was another

day. In the film we learned h1tt1ng the stick. from far away

and you can see it but not hear it. But, not really with the

echo.

R: ' Is there anything'you wonder or|puzzle about?

S: 'How come you can't hear it while you.see it. I was

wondering.

I understand about echoes but not the sticks

v . T

» ry .. él‘.,' _'
. ’ : AN ‘
hear it better. A idud:hit too. A hammer. .
R: What d1d you understand toda“}"> ‘;‘ < T .
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hitting together. i o : .
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" Appendix E .
ngble Summary. and Interpretatibn‘of Child_InterQiew’
November 20, 1987 .
Samaqtha ,
A.;r Lessom F;urpose~ | .
1. Teacher's Perceived Purpose ‘

S: Te show how whah yeu leara'it hits against the wall and
comes back to you and then you can hear it clearly. To -
know hore about efhoes - '

B. ’

Coping with the Activfty Task

1. fTask Description

,ja) Gym wall: S: we saw if we could hear better and better
' tagawe got farther’ from the gym. So we started at the
‘beginning very close to the gym on the sidewalk next ,to
the gym, -then we hit it, and you couldn't hear it. Then -
you went back ten steps and then you hit it and you could
hear it a little bit. 'And therf with the next one you
could hear it a little bit louder then the next one :
louder and then it goes on'and on louder, louder, louder.
S: Maybe because the first time it bounced over us or
too fast for us to hear. Because we were very close.

The second one was a little bit better because we. Wefe

‘\\ﬁa;ther away.

\\»

s: 1 heard £rom the sides and the back. I didn't
really hear it. frqm the gym. .

O —

. p) ,Gordon andBob in the field: .S: I saw llke,‘[Gordon]

first took the sticks and then hit them and then we.
counted to two and then we heard the n01se. Then weé
had to count to 20 again. o

~ S: Because the spund didn't travel very fast. [Mrs. L]
‘says the sound travels fast but He went pretty far away

S: It wasla long‘ways away, not as long ae the film had
, it,. though. And for each second that we counted, I guess
N .it went half way and the next second, the sound came to
us. _ ‘ ¢

281
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&!’ﬁ,Perception of Level of Task Difficulty

. S: Not really But, it was hard f1nd1ng

3. Wbrking thh‘Uthers

S: Not really They just yelled and' sS4

4. Teacher Influence

S: She.did take.,us outside and then she told us what to do .
and- that helped me.

L]

C. Understanding the Lesson .o

1. Perception of Learning .,

‘ S: That sounds travel fast. If sound bounces off a wall,
and you‘re right next to a wall, :you can't hear it. Aand
if you're far away from a wall, and maybe hitting something,
- you could hear it better. A loud hit, too. A hammer.

2. DPerception of Understanding

S: What we had to do. That's mostly what we did.

a) Film vs. activity: "S: Just one difference. In the
film I didn't see the tgigger go off. I heard the bang,
but I didn't see it.. 'Cause they were just show1ng the
bang and the little boy looklng at it.

b) Learn / Not understand: S: How come it doesn't come
- right to us when we see it? The sound. We see it and
then the sound comes to us. I don't get that.

3. Believing

S: We had a short science period. So I believe mostly
everything because we did all of that. When [Victoria] -

‘ said something about twirling on the [volleyball poles in
the gym] you can hear through metal.

4. Changing

S: [in reference to her prior ideas about mountains, walls,
and washrooms] No, I tried the washroom and it didn't echo
so I don't thipk so. But, I wasn't far away from the
washroom, I was inside the washroom. [she is unsure]
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Making Connections

- g

S: .Today we had a connection in that film and that wac(?
another day. In the film we learned hitting the stick
far away and you can see it but not hear it. BRut, not

really with the e¢ho.

Further Questions / Wondering

S: How come you can't hear it while’you see it. ' T was
wondering. I understand about echoes but not the sticks
hlttlng together. '

(. : 1



N ‘ Appendix F

Group Permission Letter

\ ‘ " October, 1987

\
, B )

Parent or Cuardian of

I am a graduate student in Elementary Science Education and I
am currently engaged in thesls research for my doctoral degree. My
thesis is entitled 'Children's Learning in Science: A Collaborative
Study' and T am interested in exploring ‘how and what elementary
children iearn during their school science experiences.

N
[Mrs. L] has agreed to cooperate with this study and therefore
the class that I will be studying is the one in which your child is
enrolled. During the study I will be making observdtions of the
science classes, carrying out a number of interviews with a small,
sample of children from the class,. and briefly talking with all
students during science class. In this way I hope that every child
in the class will feel included in the study and recognize that his
or her ideas and opinions are valued. At this time I would
appreciate it if you would grant me permission to occasionally
talk with your child as he or she participates in science class.
If your QQ;ld s comments should appear. in the eventual’thesis
write-up nonymlty is assured, .

I hope that thlS study will contribute to our understanding of
elementary science from the perspective of the students, and help to
assist in future program planning and curriculum development in
elementary science education.

&

n - Yours sincerely,

>

Brenda J. Gustafson

Phone:

e o e > T e T i, 4 > e > i e i, e e e i Lo . o e e et 0 o o ol e S ot i S o P o o = S o o i ~

I give my permission for to take part in cléssroom

" conversations w1th Brenda Gustafson for the purpose of be1ng.‘

included in the study entitled: Children's Learnlng in N : A
Cpfigborat1ve Study. ™ . ‘8 ¢

Parent/Guardian Signature

|



Appendix G

Individual Permission Letter .

October, 1987

Parent or Guardian of

I am a graduate studént in Elementary Science Education and T

am currently engaged in thesis research for my doctoral degree. My
thesis is entitled 'Children's Learning in Science: A Collaborative
Study' and I am interested in explorlnq how and what elementary
children learn during their school science etperlences.

The classroom that I am studylng is the one in which your chitd
is enrolled. During the study I will be making observations of the
science classes, briefly talking with all students during science
class, and carrying out a number of interviews with a small sample
of children from the class. I would appreciate it if you would
‘grant me, the permigsion to include your child in this small sample
and conduct several interviews with your child at school. This will
involve discussing the experience of learning in school science that -
your child has and exploring how this 1earn1nq takes place. All
study participants are assured of anonymlty in the eventual thoslq
write-up.

I hope’ that this study will contribute to our understanding of
elementary science from the perspective of the students, and help to
assist in future program planning and curriculum development in

~— elementary science education.

' Yours sincerely,

Brendq J. Gustafson

Phone:

I give my permission for . to take part in school

interviews for the purpose of béing included in the thesis entitled:

Children's Learning in Science: A Collaborative Study.

Parent/Guardian Signature



Appendix H

.Time Schedule

. 'School Visit

Date

Time
Oct. 16 3:30 - 4:45 p.m.
Oct. 19 8:40 -~ 10:15 a.m.
Oct. 26. 12:20 - I:iS p.m.

Oct. 21
Oct. 22
Oct. 23
Oct. 26
Oct. 27
Oct. 30
Nov. 2
Nov. 9
Nov. 10
Nov., 12.
Nov. 13
t Aovg e
Nov. 17

3:

15

:30

:20

:53
:00

:00
:00
:00
:00

:00
:00

: 00
:00

:00.

S

3:?5 p.m.

10:15 a.m.

3:30 p.m;

10:15 a.m.

11:00 a.m.

10:15 a.m.

10:15 a.m.

3:30 p.m.

12 noon

10:15 a.m.

3:30 p.m.

3:30 p.m.

10:15 a.m.

10:15 a.m.

2:30 p.m.

How do we Hear?

Topic of Lesson or ‘Interview
School Visit .
Initial meetinq—;Tga Teacher
Teacher
Initial visit to -
classroom Y
Téacher introduces R .
- the study to the
class of children
o4
Introduce the class ‘to -
the study; distribute
permission, letters
. ’ . \
Making Magnet Questions; -
selection of participants
Magnet Exam - Teacher
Children's initial ideas  Children
about Sound
Introduction to Teacher,
Sound Unit :
‘Children
Children
Hdw is Sound Made? Children
Vibrations Children
Making Sounds Louder Children
How Does Sound Travel? Children
. Children
Children



Date School Visit
; Time
Nov. 19 1:00 - 3:30 p.m.
Nov. 20 10:30 - 11:15 a.m.
1:00 - 3:30 p.m.
Nov. 24 9:00 - 10:1% a.m.
, 1300 - 2:30 p.m.
Nov. 26 9:00 - 10:15 a.m.
1:00 - 3:30 p.m.
Nov. 27 1:00 - 3:30 n.m.
Nov. 30 9:00 .m.
1:00 .m.
Dec. 1
. 1:00 3:30 p.m.
Dec. 7 1:00- - 3:30 p.m. '
Dec. 8 9:00 - 10:00 a.m.
1:00 - 3:30 p.m.
Dec. 10 9:00 - 11:00 a.m.
3:00 -~ 6:00 p.m.
Dec. 16 9:00 - 11:30 a.m.
4
Dec. 17 1:00 - 3:30 p.m.

-/

Topic of Lesson or

School Visit

Film: Learninqg Abc.ut
Sound

Echoes; Speed of
Sound ’

v

How Does Sound Travel?

-~

How Dbos Sound Travel?
]

Introduction to Pitch

Exploring the Concept of

Pitch

Film: Animals Hear in

Many Ways
Lesson: Exploring Pitch

LY

Lesson: Ewaluating Sound

Film: Noises

Insulation; Unit Review

Sound Unit Quiz

Final individual
interview

Final group interview

287

Intorview

i
Children
Uhildrbn
Children

Children
.

“Children

ot
Children

Children .

Children
Children
Children
Teacher

Children

Children

/,~‘J’



. “'gggndix L

‘ Chlldren s Questaons Apout the Fllm- Learnlng,About Sound ;
-$ ' ' B November 19, 1987 o “.‘ v i
.Christa's Questions f} Co .‘ . SR ¥

‘I‘learned that SNBES

Y

Sound travles [sic] 10x faster though [sic] steel then [ ]
- air.
You can use a 1aser beam to see the v1brat10n of a tunlng fork.

h Y

Some queseions I have are ..."
1. Why is sound called,sound?
+ . . ]

I .-

Samantha S Questlons

©

What I found 1nterest1ng in the film is that a osdllloscope because
L it shows hOthlgh it goés and how low it goes. [sic] =
Questlons.  ,"" SRR "_‘ T -" R

-

1. Hot ‘ses the synthlzer [51c] get about thé same sound as - the.
‘ ?CV.. nstrument° B S, N

v
o

Bob s Quest1ons “'e‘ PR R TRPHA R AT IR

’ I learned that 1f you put a bell 1n81de a Jar and you flll up the .

- Jar with:smoke and the bell r1ngs you will not hear it. You .won't :
hear it because there is smoke in the jar and you can not hear sound
when a1r 1sn t around the obJect that makes the sound. »
", Some questlons 1 have are° fi:

1.1 wonder*how-strongrsound-goes thrOugh thick'501id°

v

2. Why does metal vibrate better then" [51c] plast1c°

3. I wonder why sound travels S0 'East'>

TN
”

V1ct0r1a and Gordon did not recobd any comments or questlons in
‘their notebooks._'
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Agggndix J /
Children's Paragraphs About Tin\Gan‘Telephones

_}ictoria's Paragraph

It was neat to use tin can’ telephones. Flrst thing my
,partener [sic] and I did whs I ewent to the gym and (Samantha]
‘was in the hall T yelled as hard as could [sic] and said 'How

- 0ld Are You'. She answered and I heard. Next thing we ‘did was | 8
- we used the hose. ‘I"could hear [Samantha] better by. takelng (sio} /
off the funnel. And that's what happened. . : /,

Bob's Paragraph = S . T /

What we dld with the tln can telephones was a lot of stuff
First we talked to each other in the tin cans. We could hear each
- other too. After we plucked the string and it sounded real funny.
We.each got a turn to pluck the ‘string.. After [Mrs. L] came and ,
rubbed coat hangers on the string. 1t made a neat sound Then T
‘rubbed my hand on the string and it made a qu1et sound. / We found
out that if you cover the bottom of the can you will find out that,
you are not lettlng the can v1brate. v . .
N

Samantha's Paragraphx,

Whén I used a tin can telephone we went to/the library and we
. stretched the string and then we talked through it then we could
- ,hear clearly through 1t. Then we went to the Gym and we could hear
.- much more better then [51c] when we were in the library.+ Then we
,'came to the\room and ‘tried talking through b hose. | We could only
hear -little thlngs l1ke Eeeeee and stuff llke that." That happened
because the hose is hollow and when we used the Tin Can Telephone
- the string is solid. That proved that sound travels faster in solids
: then [51c] air. : S

Chrlsta S Paragraph

I talked though [51c] .the Tin Can Telephone w1th [V1ctor1a
] and Samantha] Sometimes we cotild only hear though [slc] the alr.
We trled the hose but we couldn t hear veary [sic] well.

_ [Gorddn did not write a paragraph about his experiences.]..-
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Appendix K

. ! Sound Card Summary

 December 8, 1987

. \l, B " o ’ : .
Statement’ o Victoria Christa Bob Gordon Samantha -
’ . Al N
Bell ‘jar and pump 1 3 11 3
cxperiment : : R
'.Tuning forks- see, hear, -3
feel . )
Noise pollution. What can 3
we do to.reduce. noise? '
y N — \
Pitch: Sound can be high or , 1
low. Higher pitch means - : o
faster vibration. Lower ?
pitch is 1qwer vibration.
‘The ear, and how do we hear. 3
Blowing in bottles, tapping  ~ 1
beakers, snapping sound . , A
sticks, twanging elastics, o - o _—
Blaying combs . ‘ o
Does sound travel better * 2 2 2. 2
« through solids, 11qu1ds, :
., or gases° .
. . ) \ ¥+
Flndlng an echo from the gym 2 -3 . 3 2 3
wall. : ‘ _ ' .
Molecules pass on the sound .. 2 2 2 "~2’ 2
wave energy. s . - . s

“‘. .

e

W
[3S)
N
~
W
w
N

Transmlttlng sounds/through
tin can telephones

- /

Key' - CT

What causes<sound°- How is sound produced’- What are the
characterlstlcs of. sound° :

1

S}
n

How does sound travel? o _ o o

w
f1

How is sound received?: How do we hear?

2%0
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Statement , Victoria Christa Bob Gordon Samantha
Vibration ig a fapid to ‘ 2 1 2 1 1
"~ and fro movement
The push energy of marbles 2 2 2 1 2
- rolled in a track is ' : ‘ ——
passed from marble. to marble o a
‘Wave action in a stretched” | 2 2 21 2
‘Slinky ' S T
SOund~is energy - o1 11 1 ~
.Sound waves travel slower 12 2 2 2 2
than light waves. We see: '
11ghtn1ng before we hear . PRI
‘the sound of thunder. , Y
Sound waves . : o 2 o 2 2 2 2

Key

1 = What causes sound?; How is sound producedV' What arp the

I characteristics of sound7

¥

How does sound travel7

i

How is sound received?;‘How do we hear?



2. An echo can be heard when sound waves:

o

R ' , -Appendix L - ¢

Grade Four Science Quiz - Souhd _ ¢

Circle the 1etter of the best answer.
A 1. SOund fromqa r1ng1ng f1re alarm travels out:

a. in one directich = I i
b. .in two directions
. ¢, in all directions

a. bounce back ; : ‘
b. -travel through water o A
c. travel through air S RN LR RN
d. are very loud ' ' T

3, In order to make a hlgher pltched sound, move a card-over comb

bristles: . ‘ N
~a. fast
b. slowly

‘4."Fish can hear sound because they:

_a. have ears
b. have ear drums
c. feel vibration through their bodles e
d. jump out of the water to listen ' ‘ '

i

5. Your partnet is tapping a pencil at the end of a long wooden
table. You listen to the sound through the air then put your
ear to the table and llsten. Which sounds. louder?

a. tapplng sound heard through the air
b, tagplng sound heard’ through the table

.6. " If the ear drum can not v1brate because of injury or 1llness, a
person may become v .

7. In science class you struck a tuning fork on a rubber puck. °
. _ : - , . ,

a. What did you hear?

b. What did you see?

c. What did you feel?
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d. What happened when you touched the rlnging tuning fork to

your desk top?

How can vou make a stretched olastic vibrate?

A

~

; — CPa— < - .
Two machines that make sound louder are: \

-a.
S

b.

Two thlngs thab could be put 1n a room to absorb or-.reduce sound

are: .

b. ’} | | | | v

. 7
You are tapping a beaker of water to make sound. (5ee ‘gketch)

beaker

—— ma 1et"' e

water ~— 7/

R

What could you do to make the eound louder?

L ) ’

. What coyld you do to make the-sound lower?




L

Ap @; dix M
\

Children!s Initial Interview Questions
. —

I .

How 'is Sound made? . ) \;_:>

.What thlngs cén make sound° How do these thlngs make sound?
‘What causes- sound? How is sound made?

If the child uses the- word vibration, then: Can.things make

a sound if there is no movement or vibration? i

Can sounds be d1fferent from each other? What .#¥e some sounds
that are different from each other?

Can we make things sound louder or softer? . How?

Can we make things sound higher or lower? How?

How do musical instruments make sound?

How does Sound travel?

When the Bell r1ngs for recess, how can we* ‘hear the sound of
the bell? How does that happen?

If the child talks about sound being able to move or travel,
then: How does soun# travel? Can sound travel through things?
Can sound travel thﬂbugh some things better than other57

what can you rell me“about echoes?

How is Sound recefved?‘ - ;

3 ¢
M '

‘1How do we hear sound? Are some peopleyunable to hear sound?
. What things or objects can help people to hear better?

Do some animals hear better than other animals? Is there any:
way-to tell if an animal can hear really well by just looking
at the animal? - , o

Do you know anythlng else about sound that we have not already
talked about?

Sources of Ideas

R4

" How did you get to know all these things about sound?

New Vooabulary

What do you think the following words mean: vibration,
energy, and matter? - .



